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Earlier experimental data have been reported which showed 
the resistances of sci'eral strains of Ehcrthclla iypliosa and of the 
coli-acrogcncs group to chlorine and chloramine. It was found 
that some strains of E. typhosa remained viable as long as, and 
in some instances longer than, members of the coli-aerogenes 
group. Considerable variation in the resistance to chloramine 
was noted among the strains of E. typhosa and also among the 
members of the coli-aerogenes group. Since the old laboratory 
strains of E. iypliosa were usually killed in a materially shorter 
lime than were recently’’ isolated strains, it seemed probable that 
prolonged residence on artificial media had reduced resistance 
to the action of chloramine. It was the aim of this investigation 
to test the validity of the above mentioned indication. 

JIATERIALS AND METHODS 

The strains of E. typhosa used, with the exception of T5 and 
700, were isolated in the laboratories of the Division of Prevent- 
able Diseases. The accompanying key indicates the year of 
isolation, source and age of the various strains. 

The water used, in all the experiments except one, consisted 
of a mixture of treated' water from the distribution main leading 
out of one of the city’s filtration plants and that from the tap at 
the laboratory of the Division of Sanitation. This nuxture was 

' Treatment at the filtration plant consisted of pre-ammoniation, prechlori- 
nation, coagulation, sedimentation, filtration, post-anunoniation, and post- 
chlorination. 
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Key to strains used in experiments to determine the killing power of 
chloramine for E. typhosa 


TEAH 

ISOLATION 

STRAIN 

NUMBER 

ORGANISM ISOLATED 

DURATION or patient’s 
CLINICAL CONDITION IVEEN SPECI- 
MEN WAS COLLECTED 

Date 

From 

1933 

1659 

Sept. 18 

Feces 

Carrier— tj'phoid denied 


2230 

Aug. 25 

Feces 

Carrier— typhoid 1897 


2349 

Sept. 4 

Feces 

Carrier— typhoid 1928 

1934 

2365 

Sept. 4 

Feces 

Carrier— typhoid denied 


2463 

Sept. 14 

Feces 

Case — 16 days 


M650 

Sept. 15 

Gallbladder 

Carrier — typhoid denied 


M687 

Oct. 16 

Blood culture 

Case — 16 days 


1513 

July 30 

Feces 

Carrier — typhoid in 1929 


1520 

July 30 

Feces 

Case — ^28 days 


1560 

July 30 

Urine 

Case — 42 days 


1679 

July 25 

Feces 

Case — 44 days 


1727 

July 26 

Urine 

Case — 8 days 


2537 

Sept. 6 

Feces 

Case — 17 days 


S23 

Sept. 9 

Feces 

Carrier — typhoid denied 

1935 

2623 

Sept. 10 

Feces 

Case— 27 days 


S59 

Sept. 20 

Feces 

Case— 85 days 


S83 

Sept. 19 

Feces 

Case — ^36 days 


S129 

Oct, 2 

Feces 

Carrier — typhoid denied 


3080 

Oct. 5 

Feces 

Case — 35 days 


3539 

Oct. 26 

Feces 

Case — 34 days 


3802 

Nov. 12 

Feces 

Case — 14 days 


M711 

Nov. 18 

Blood culture 

Case — 21 days 


2201 

July 10 

Feces 

Carrier — typhoid denied 


2205 

July 10 

Feces 

Carrier — typhoid denied 


2147 

July 6 

Feces 

Carrier — typhoid denied 


2388 

Aug. 3 

Feces 

Carrier — typhoid denied 


2587 

Aug. 11 

Feces 

Case— 8 days 


2697 

Aug. 19 

Feces 

Carrier — typhoid 1907 

1936 ' 

2792 

Aug. 21 

Feces 

Carrier — typhoid denied 


2901 

Aug. 31 

Feces 

Case — 13 days 


S41 

Sept. 1 

Feces 

Carrier — typhoid 1935 


S44 

Sept. 1 

Feces 

Case — 27 days 


S47 

Sept. 1 

Feces 

Case — 44 days 


S53 

Sept. 4 

Feces 

Case— 14 days 


Old Lab. Strains; T5, in this Division since 1913; 706, Rawlings isolated 
in 1905. 


used in order to obtain an initial chlorine residual between 0.20 
and 0,23 p.p.m., the water from the tap having a much lower 
chlorine residual than that from the main. The water used 
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August 25, 193G, wns drawn from the tap in the Division of 
Sanitation laboratorj’ and used witliout mixing. The pH of 
the waters varied from 7.0 to 7.5, and the dissolved oxygen 
between G.5 and S.5 p.p.m. There \vas 0.2 p.p.m. or less of iron 
.and 0.1 p.p.m. or less of manganese present. 

The killing power of chloramine w'as determined for four strains 
of E. iyphosa simultaneously, at two temperature ranges. The 
high range varied from 24.5 to 2G°C., the low range from 1 to 
3'^C. The initial chlorine residual varied from 0.20 to 0.23 p.p.m. 

For each day’s experiment, 300 cc. of the water was placed in 
each of eight sterile 500 cc. Erlenmeyer flasks. Four of the 
flasks were subjected to the high, and four to the low range, 
temperature. After the water in the flasks had assumed the 
temperature of the bath, one flask at high temperature and one 
at low temperature were inoculated ndth" O.G cc. of a 1:10,000 
dilution of a 24-hour broth culture of one of the strains to be 
studied. At fixed intervals one flask in each range was subse- 
quentl}’- inoculated in a similar manner with a portion of a broth 
culture of the other strains to be studied. In the first four ex- 
periments, two 1 cc. portions were wthdrawn from the flasks at 
15 and 30 minutes, 1, 1^, 2, 2i and 18 hours, and plated on brom- 
cresol-purple lactose agar. In the rest of the experiments the 
platings were made at the end of 10, 20, 30 minutes, 1, 1-^, 2, 
2^ hours. The plates were incubated 48 hours at 37°C., at which 
time the colonies were counted and recorded. The residual 
chlorine concentration was determined by the orthotolidine 
method at the beginning and at intervals throughout the course 
of the experiments. 


RESULTS 

The various plate counts were plotted on semi-logarithmic 
paper and the lines projected as described in a previous publica- 
tion (Heathman et al, 1936). It was found that, for approxi- 
mately 60 per cent of the experiments, all of the plotted points 
were on, or very close to, the straight line. For about 30 per 

’ It had been found by previous experience that this amount of inoculum 
usually produced an initial bacterial population between 100 and 300 bacteria per 
cubic centimeter. 
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cent of the experiments, had the line been drawn through all the 
points, it would have produced a wavy line or one which was 
convexly curved in respect to the time axis, and for about 10 
per cent a concavely curved line in the same respect. 

Table 1 shows the time required to kill 99.9 per cent of the 
organisms as computed from the curves described. It will be 
seen that there are some variations in the killing time for any 
given strain. It may also be seen that the killing time required 
for the old laboratory strains on one day might exceed that for 
a freshly isolated strain on another day, but, usually, on any one 
day the time required to kill freshly isolated strains was greater 
than the time required to kill old laboratory strains. This was 
also true for the local strains which had been grown on artificial 
media one year or more. The average time required to kill T5 
and 706 at high temperature was 0.767 hours, for the strains 
isolated in 1934, 1.239 hours, for those isolated in 1935, 0.901 
hours, and for recently isolated strains 1.541 hours; for the low 
temperature it required 3.172, 4.821, 4.327 and 6.321 hours, 
respectively. It is also shown that there is considerable varia- 
tion in the resistance of the strains within the various age groups. 
This is well illustrated by S59 and M711 compared to 2623 in 
the 1935 group and S44 and 2201 of the recently isolated strains. 

Table 1 also shows the times required by chloramine of ap- 
proximately the same chlorine residual to kill 12 strains of E. 
typhosa in 1935 as compared to 1936. It will be readily seen that 
the average time required to kill the old laboratory strains 
(T5 and 706) did not materially change from 1935 to 1936. 
There is some doubt as to any loss of resistance by strains 1679, 
1727, and 2623 which were isolated in 1935. However, the re- 
sistances of 2537, M711, 3539, S23, 3080, S129, and S83 were 
markedly reduced. This is true at both the high and low tem- 
perature ranges. 

The average time required to kill the strains of any group was 
from three to five times longer at low temperature than at high 
temperature. 

The results obtained did not show any correlation between 
the time required to kill the organisms and the pH, dissolved 
oxygen, iron or manganese content of the water. 
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TABLE 1 


Ji'cnulls of the action of chloramine on SO strains of E. lyphosa in 1030 including 
results for IS of the same strains in 1035 


r. rrmotA 

PATH or 
rxrrni- 

iir?,T 

IKITIAL 

CL. 

nr.Bxn. 

or 

iTATnn 

PAU* 

rtn 

niou Tf.Mpr.nATunB 

LOW TCMPEnATUnD 

Stmln 

mim\>cT 

Year 

Dr C. 

Com- 
puted 
lioum 
to kill 

Ol>- 

uprvrd 

houni 

to 

kilit 

Dcrrcca 

C. 

Com- 
puted 
hours 
to kill 

Observed 
bourn 
to killt 




r.p.n. 









10/ 8/35 

0.23 

19-21 


1 

2-7 

2.24 

1} 



10/17/35 

0.23 

17-27.6 

1.74 

1 

2.6-0 

4.18 

2 



8/19/3C 

0.22 

25-20 



2-3 

2.16 

2 

T*: 

t , 

9/ 9/30 

0.22 

24.5-25 

1.0 

1 

1 

4.85 

>2} 



8/21/30 

0.22 

25.5-20 

A 

* 



14 



9/11/30 

0.22 

20 

H 

1 

1.6-2 

4.65 

>24 



8/31/30 

0.20 

25 


1 

2 

3.70 

>24 



9/10/30 

0.20 

25-20 

1.195 

1 

1-1.5 

4.70 

>24 



8/14/35 

0.22 

29-31 

0.61 

i 

* 

• 




8/20/30 

0.20 

25.5-20 

O.CO 

i 


1.85 

2 



9/10/30 

0.20 

25 

0.722 

i 

1 

3.60 

24 

70G 

1905 • 

8/25/30 

0.22 

24.5-25 

0.00 

i 

2.5-3 

2.1 

24 



9/14/30 

0.22 

25 

1.045 

i 

1-2 

4.50 

^4 



9/ 1/30 

0.22 

25 

0.60 

i 

1.5-2 

1.65 

14 



9/17/30 

0.22 

25-25.6 

0.988 

i 

1-1.6 

2.56 

2 


10^7 J 

8/19/30 

0.22 

25-20 

0.000 

i 

2-3 

2.0 

2 



9/ 9/30 

0.22 

24.6-24 

1.49 

1 

1 

7.60 

>24 


1004 J 

8/20/30 

0.20 

25.5-20 

2.0 

n 

1. 5-2.6 

6.3 

>24 <18 



9/10/30 

0.20 

25 

3.15 

1 

1 

6.15 

>24 

ooQn 

1004 ) 

8/24/30 

0.22 

26.5-20 

1.30 

1 

2.5-3.5 

4.30 

24 



9/11/30 

0.22 

20 

1.30 

1 

1.6-2 

7.65 

>24 



8/25/30 

0.22 

24.6-25 

1.0 

1 

2.6-3 

6.20 

>24 <18 



9/14/30 

0.22 

25 

0.943 

1 

1-2 

6.80 

>24 



8/27/30 

0.23 

25-20 

0.85 

§ 

2-3 

4.20 

>24 



9/16/30 

0.22 

24.6-25 

1.238 

1 

■a 

5.25 

>24 


* No test. 

t The numbers in these columns represent the elapsed time in hours from 
the initial inoculation of the flasks to the time when the first set of plates were 
made which contained no colonies of E. lyphosa. 
t In these laboratories since 1913. 
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TABLE 1 — Continued 


E. TTPHOSA 

DATE or 
. EXPERI- 
MENT 

iNmAii 

Cli. 

BE8ID. 

OF 

WATER 

SAM- 

PLE 

HIGH TEMPERATURE 

LOW TEMPERATURE 

Strain 

number 

. Year 
isolated 

Degrees C. 

Com- 

puted 

hours 

tokUl 

99.9% 

Ob- 

served 

hours 

to 

kiUt 

Degrees 

C. 

Com- 
puted 
hours 
to kill 

99.9% 

Observed 

hours 

tokillt 




p.p.m. 







2463 

1934 1 

8/31/36 

0.20 

25 

BSAlSfii 

1 

2 

3.62 

>24 



9/16/36 

0.20 

25-26 

0.857 

1 

1-1.5 

3.60 

>24 

M687 

1934 1 

9/ 1/36 

0.22 

25 


i 

1.5-2 

2.20 

24 



9/17/36 

0.22 

25-25.5 

log 

1 

1-1.6 

2.58 

>24 

3802 

1935 1 

8/19/36 

0.22 

25-26 


i 

2-3 

2.08 

14 



9/ 9/36 

0.22 

24.5-25 

DQI 

1 

1 

9.60 

>24 

1560 

1935^ 

8/25/36 

0.22 

24.5-25 


1 

2.5-3 

8.2 

>24 



9/14/36 

0.22 

25 


1 

1-2 

15.0 

>24 

1 

lOQc; j 

9/ 2/36 

0.22 

25 


i 

2 

2.60 

24 



9/21/36 

0.22 

25.5-26 

0.448 


1.5-2 

2.1 

14 

1 


9/ 8/36 

0.21 

25.5 


1 

1.5-2. 5 

2.90 

24 



9/23/36 

0.22 

25 


4 

0.5-1 

3.70 

>24 



9/ 8/36 

0.21 

25.5 


4 

1.5-2. 5 

2.60 

2 



9/23/36 

0.22 

25 

|h 

4 

0.5-1 

2.80 

2 


\ 

8/22/35 

0.21 

26-27 

1.46 

14 

* 

* 

* 

1679 

1935^ 

8/31/36 

0.20 

25 


1 

2 

5.0 

>24 


1 

9/16/36 

0.20 

25-26 

1.55 

1 

1-1.5 

8.75 

>24 


f 

9/ 4/35 

0.23 

22-23 

2.32 

1 

* 

* 


1727 

1935^ 

8/27/36 

0.23 

25-26 

iiMaiM 

4 

2-3 

4.92 

24 


i 

9/15/36 

0.22 

24.5-25 

2.25 

1 

1-2 

8.45 

>24 



9/18/35 

0.20 

24-28 

1.59 

1 

5-10 

5.60 

2 



10/ 1/35 

0.20 

22-24.5 

0.813 

14 

2-6 

2.85 

>24 

2537 

1935 < 

9/ 1/36 

0.22 

25 


4 

1.5-2 

2.58 

>24 



9/17/36 

0.22 

25-25.5 

0.663 

1 

1-1.5 

2.22 

2 


f 

9/30/35 

0.20 

23-24 

2.11 

1 

4-9 

6.76 

>24 

2623 

1935^ 

8/27/36 

0.23 

25-26 

0.825 

1 

2-3 

4.40 

>24 


1 

9/15/36 

0.22 

24.5-25 

3.36 

1 

1-2 

10.45 

>24 
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TAHLI ', l-Conlimicd 


r, rrrno^A 


iNinAt. 

inon TCMrrnATunr 

LowTCMrEnATtJnn 



^ATr or 

nr«in. 



OIj- 


Com* 


Sinin 

tuitnbfr 

Ycir 

wrvT 

or 

^ A7rn 

Do^ror^ C 

houm 
to kill 

fcr\P(J 

lioum 

to 

Dccrcc-i 

C. 

nutcd 
lioura 
to kill 

Ob«*cn*cd 

lioum 

tokillt 






p'lp i 

imt 


1)9 9% 




r.r.r.. 








’ 

10/ 7/35 

0.23 

22-20 

3 73 

1 


7.20 

>24 <18 


1935' 

10/16/35 

0.23 

22.5-21 

2.18 

n 


5.28 

>24 <18 

S /20/3 G 

0.20 

25.5-20 

0. G 3 S 

i 

1.5-2. 5 

3.0 

>24 <18 



9/10/3 G 

0.20 

25 

1.02 

1 

1 

4.20 

>24 


f 

12/16/35 

0.20 

21-22 

2.69 

>1 

3-4 

4.62 

>24 <18 

3539 

1935^ 

9/ 2/36 

0.22 

25 

0.793 

1 

2 

3.17 

2 


i 

9/21/36 

0.22 

25.5-20 

0.75 

i 

1.5-2 

3.70 

2 



12/18/35 

0.20 

22 

2.02 

>1 

3-1 

» 

* 

M 7 I 1 

1935 

9/ 3/36 

0.22 

25 

0.589 

i 

1.5-2 

2.40 

2 



9/22/30 

0.22 

25-20 

0.339 

X 

i 

2 

0.92 

1 


' 

10/ 2/35 

0.22 

23.5-27 

1.50 

1 

3-7 

4.62 

>24 <18 

S 23 

1935 1 

8/21/36 

0.22 

25.5-20 

0.60 

i 

2.5-3. 5 

1.07 

14 



9/11/30 

0.22 

20 

0.556 

i 

1.5-2 

1.80 

14 


[ 

10/14/35 

0.23 

20-25 

2.48 

2 

3.5-4 

3.76 

>24 <18 

SS3 

1935 { 

9/ 2/36 

0.22 

25 

0.875 

i 

2 

3.45 

>24 


1 

9/21/30 

0.22 

25.5-20 

0.71 

i 

1.5-2 

2.83 

2 


f 

10/ 9/35 

0.23 

20-25 

1.87 

1 

1-8 

* 

* 



10/15/35 

0.23 

19-24 

2.78 

U 

2-9 

6.28 

>24 <18 

9/ 3/30 

0.22 

25 

0.732 

4 

1.5-2 

3.38 

>24 



9/22/36 

0.22 

25-20 

0.493 

4 

2 

1.03 

1 

2147 

193 o | 

8/27/36 

0.23 

25-26 

1.0 

1 

2-3 

3.90 

>24 

9/15/30 

0.22 

24.5-25 

1.34 

1 

1-2 

6.50 

>2h 

2201 

1936 1 

9/ 1/36 

0.22 

25 

2.07 

1 

1.5-2 

6.75 

>24 

9/17/36 

0.22 

25-25.5 

3.20 

1 

1-1.5 

4.95 

>24 

2205 

193g| 

8/31/36 

0.20 

25 

1.02 

1 

2 

6.30 

>24 

9/16/36 

0.20 

25-20 

1.388 

1 


5.26 

>24 

2388 

1936 1 

8/20/36 

0.20 

25.5-26 

1.7 

1 


5.20 

>24 <18 

9/10/36 

0.20 

25 

3.25 

1 

nm 

11.70 

>24 
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TABLE 1 — Concluded 


E. TTPHOSA 

DATE OP 
EXPERI- 
MENT 

INITIAL 

CL. 

hebid. 

OF 

WATER 

SAM- 

PLE 

HlOn TEMPEBATITRE 

LOW TEMPERATERE 

Strain 

No. 

Year 

isolated 

Degree C. 

Com- 
puted 
hours 
to kill 
99.9% 

Ob- 

serred 

hours 

to 

kiUt 

Degrees 

C. 

Com- 
puted 
hours 
to kill 
99.9% 

Observed 
hours 
to kiUt 

■1 



p.p.m. 









8/19/36 

0.22 

25-26 


h 

2-3 

1.6 

2 


i 

9/ 9/36 

0.22 

24.5-25 


B 

1 

8.45 

>2J 

2697 

1936 1 

8/24/36 

0.22 

25.5-26 

0.92 

1 

2.5-3.5 

3.23 

2i 



9/11/36 

0.22 

26 

2.60 

1 

1.5-2 

14.40 

>2i 

2792 

1936 1 

8/25/36 

0.22 

24.5-25 

0.95 

1 

2.5-3 

8.85 

>2J 



9/14/36 

0.22 

25 

2.90 

1 

1-2 

13.10 

>2§ 

2901 

1936 1 

9/ 2/36 

0.22 

25 

1.06 

1 

2 

5.0 




9/21/36 

0.22 

25.5-26 

1.16 

1 

1.5-2 

3.40 

2} 

S41 

1936^ 

9/ 3/36 

0.22 

25 

1.17 

1 

1.5-2 

6.80 

>2J 



9/22/36 

0.22 

26 

0.75 


2 

1.33 

n 

S44 

] 1 

9/ 3/36 

0.22 

25 

0.837 


1.5-2 

5.20 

>2i 



9/22/36 

0.22 

26 

0.448 

i 

2 

1.02 

1 

SA7 

f 

9/ 8/36 


25.5 

B 

1 

1. 5-2.5 

8.14 

>2J 



9/23/36 

0.22 

25 

H 


0.5-1 

4.18 

>2i 



9/ 8/36 


25.5 

2.60 

B 

1.5-2.5 

11.35 

>2h 

ouo 


9/23/36 

0.22 

25 

1.25 

H 

0.5-1 

5.20 

>2h 


DISCUSSION AND SUMMABT 

The waters used had an initial chlorine residual within the 
range of from 0.20 to 0.23 p.p.m. The final chlorine residual 
varied from 0.17 to 0.22 p.p.m., so that the average residual 
during the test in every instance approached 0.20 p.p.m. The 
temperature ranges were maintained within limits of 2° varia- 
tion. With these variables reduced to a minimum, the fore- 
going results indicate that freshly isolated strains of Eberthella 
iyphosa exhibit an appreciably greater resistance to chloramme 
than do strains that have resided on artificial media for an in- 
definite period of time. Strains of Eberthella iyphosa isolated 
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in 1935 ivcre killed in an average time of 2.18 hours when studied 
shortlj' after isolation. '\^nicn they were retested in 1936, the 
average time required to kill them bj’’ ehloramine of the same 
residual range and at the same temperature was 0.901 hours. 
Since the ai’eragc time required to kill the old laboratory strains 
under the same conditions was 0.767 hours, it appears that, in 
one year, the strains isolated in 1935 lost a large part of the total 
probable decrease of resistance. This evidence points out a 
possible danger in the use of old laboratory strains in determina- 
tions of the elTectiveness of chloramine as a disinfectant. It is 
again demonstrated that members of the freshly isolated group, 
as well as those that have been maintained on artificial media, 
exhibit considerable variations in their resistance to the action 
of cliloramine. The possibility of error is apparent if conclu- 
sions are drawn from such determinations as those above men- 
tioned if only one strain be used. It is also clearly shown that 
the Idllmg time is lengthened from three to five times by lowering 
the temperature from a range of 24.5° to 26°C. to one from 1° 
to 3°C. 


CONCLUSIONS 

1. The resistance of Eherlhella lyphosa to the killing action of 
chloramine is materially reduced by prolonged residence on the 
usual artificial media. 

2. Strains of Eherlhella lyphosa isolated at approximately the 
same time may exhibit considerable differences in resistance to 
the action of chloramine. 


REFERENCE 


Heathman, L. S., et al.: Public Health Reports. 1936 61, 1367; Part III, 
Report on Investigation of Typhoid Fever Epidemic, Minneapolis, 
1935. 




NITROGEN jNIETABOLISM OF CERTAIN COLIFORM 

BACTERIA 

PHILIP L. CARPENTER 
University of H’tsconsin* 

Received for publication May 4, 1938 

Knight (193G) has stated that the nutritional requirements of 
the coliform bacteria are apparently quite simple. As reported 
by Koser and Rettger (1919), all strains of Escherichia coli, 
Escherichia acidi-lactici, Aerobacter aerogenes, and Acrobader 
cloacae tested were able to grow in continued subculture in a 
medium of salts with ammonia or a single amino acid as source 
of nitrogen, glucose or glj’^cerol being supplied as carbon source. 
Amino acids which were suitable nitrogen sources for these 
organisms were glycine, lysine, histidine, aspartic acid, trypto- 
phane and tjuosine. Braun and Cahn-Brormer (1921) grew 
E. coli aerobically with ammonium lactate as nitrogen-carbon- 
energj’- source. 

Koser (1918) reported that A. aerogenes was able to grow well 
in a synthetic medium containing uric acid as the sole source 
of nitrogen, whereas E. coli was unable to do so. He suggested 
that the differentiation was due to the inability of Escherichia 
strains to break down the purine ring and thus obtain nitrogen 
for growth from the uric acid. Se%’’eral other investigators have 
studied utilization of pmine derivatives by cohform bacteria. 
Mitchell (1937), in a comprehensive study of 360 strains of 
Escherichia, Aerobacter and Ciirobacler, pointed out some interest- 
ing relationships. She determined the abihty of these bacteria 
to grow in synthetic media containing various purine derivatives 
as sole source of nitrogen. Aerobacter strains grew well in all 
media tested: yeast nucleic acid, uric acid, allantoin, hydantoin, 

‘Present address: Dept, of Bact., Iowa State College, Ames, Iowa. 
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urscil, urea, adeuine sulphate, and xanthine. Escherichia strains 
grew only in uracil, adenine sulphate, and xanthine; while the 
cultures of Citrobacter grew only in urea, adenine sulphate, and 
xanthine. 

Bacteria of the genus Aerobacter are commonly divided into 
two groups on the basis of ability to liquefy gelatin. Those 
which liquefy gelatin include A. cloacae. Although these bac- 
teria are able to destroy the solidif 3 dng power of the protein, 
they are tmable to utilize the liquefied substance, as was shown 
by Berman and Rettger (1918a). These authors also found 
that this organism will not attack proteoses or coagulated 
proteins. 

One of the first quantitative studies of protein metabolism 
was that of Kendall and Bly (1922). These investigators made 
periodic analyses of 0.5 per cent gelatin-broth cultures of E. coli 
to follow changes in soluble, amino and ammonia nitrogen, and 
by calculation obtained values for “polypeptide" (non-amino, 
non-ammonia, soluble) nitrogen. Their data show that the chief 
change in the nitrogenous constituents of the culture medium 
occurred in the “polypeptide" fraction, and that there was little 
change in amino nitrogen. Ammonia was produced after several 
days, due possibly to deamination of amino acids by the or- 
ganisms in search for energy. This was considered probable in 
view of the fact that no ammonia was liberated in glucose broth 
cultures. The authors concluded that no extracellular proteo- 
lytic enz 3 rme was produced by E. coli. 

There has been relatively little quantitative work done on 
nitrogen metabolism of any coliform bacteria except E. coli. It 
was therefore considered desirable to study the utilization of 
various forms of nitrogen by representative strains of E. coli, 
A. aerogenes, and an Escherichia-Aerobacter intermediate. 

METHODS 

The bacteria employed in this investigation were typical 
strains of E. coli and A. aerogenes obtained from Dr. B. W. 
Hammer, and a citrate-positive, methyl-red-positive, Voges- 
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Proskauer-negative Eschcrichia-Aerobactcr intermediate obtained 
from Dr. C. H. Werkman. 

The experimental procedure consisted of periodic analysis of 
cultures in media containing ammonium chloride or peptone as 
source of nitrogen, in addition to glucose and dibasic potassium 
phosphate. Quantitative determinations were made for total 
nitrogen, non-protein or tungstic acid-soluble nitrogen, ammonia 
nitrogen, and alpha-amino nitrogen. Soluble nitrogen was deter- 
mined by the micro-Kjeldahl method on tungstic acid filtrates 
of the cultures, absorbing the liberated ammonia in 5 per cent 
boric acid and titrating with standard n/100 acid. Ammonia 
nitrogen was determined by the Folin aeration method employing 
solid sodium carbonate to liberate the ammonia, which was 
absorbed in n/100 acid; excess acid was titrated with standard 
n/100 NaOH. Alpha-amino nitrogen was determiaed by the 
Van Slyke method using a micro-apparatus on the residue left 
after determination of ammonia. All procedures were checked 
for recovery of added nitrogen and standardized to give uniform 
and accurate results. 

The composition of the media employed is indicated in the 
tables of results. Media were dispensed in 25 ml. amounts in 
six-ounce bottles. These were inoculated with one drop of 24- 
hour cultures of the bacteria growing in the same medium. Incu- 
bation was at 35-37°C. For each analysis triplicate bottles of 
the same culture were pooled, and duplicate determinations made 
on the pooled material. 

UTILIZATION OF AMMONIA 

Utilization of ammonia nitrogen by coliform bacteria was 
determined by analysis of three-day cultures in a medium con- 
taining 0.08 per cent NH 4 CI as source of nitrogen. The results 
are shown in table 1. The decrease in ammonia nitrogen ranged 
from 12.8 per cent in the case of E. coli to 21.5 per cent in the 
A. aerogenes cultures. The figures show that all three coliform 
strains possess the ability to derive their nitrogen from an ammo- 
nium salt, but that there are no striking differences between 
the strains with respect to the amounts required. 
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UTILIZATION OF PEPTONE NITROGEN 

Cultures containing peptone as source of nitrogen and glucose 
as source of carbon and energy were analyzed after two^ four^ 

TABLE I 


Utilization of ammonia nitrogen by coliform bacteria 

Medium: NH<C1 (0.08 per cent), glucose (0.5 per cent), K:HP04 (0.5 per cent); 
pH 7. Age: 3 days. 


cnji/rtTRE 

NHr-N IN MOM. PER 100 ML. 

Control 

21.8 

E. coli 

39 0 

A. aerogenes 

17.1 

Intermediate 

17.7 


TABLE 2 


UHlizatian of peptone nitrogen by coUform bacteria 
Medium: peptone (0.5 per cent), glucose (0.5 per cent), K2HPO4 (0.5 per cent); 
pH 7. Nitrogen in milligrams per 100 ml. 


CULTURE 

AGE 

TOTAL 

N 

PROTEIN 

N 

NON- 

PROTEIN 

N 

LirrEB- 

ENCE 

N 

AMINO 

N 

AMSIOKTA 

N 


days 









0 

88.6 

62.6 

26.0 

9.6 

16.3 

0.1 



2 


68.3 

20.3 

6.6 

13.2 

0.5 

E. coli 


4 


67.5 

21.1 

2.7 

17.7 

0.7 



6 


66.3 

22.3 

5.2 

16.7 

0.4 



0 

88.6 

62.6 

26.0 

9.6 

16.3 

0.1 



2 


75.5 

13.1 

0.2 

11.8 

1.1 

A. aerogenes 


4 


75.5 

13.1 

0.9 

11.9 

0.3 



6 


71.7 

16.9 

1.3 

14.8 

0.8 



0 

88.6 

62.6 

26.0 

9.6 

16.3 

0.1 



2 


71.5 

17.1 

1.7 

15.2 

0.2 

Intermediate 


4 


68.9 

19.7 

3.2 

16.3 

0.2 


. 

6 


68.7 

19.9 

2.3 

17.5 

0.1 


and six days of incubation. The results are presented in table 2. 
The data for protein nitrogen represent the difference between 
total and non-protein nitrogen. “Polypeptide” nitrogen was cal- 
culated in the manner employed by KendaU and Ely (1922), 












NIXnOGEK METABOLISM OF COLIFORM BACTERIA 


15 


mentioned previously. Connor, Peterson and Riker (1937) con- 
sider “difference” nitrogen a more accurate term for this frac- 
tion, since, in addition to peptide nitrogen, it also includes non- 
amino nitrogen of amino acids and other undetermined nitrogen. 
It is apparent that with E. coli the greatest change in nitrogen 
distribution occurred in this fraction, thus confirming the report 
of Kendall and Bly. The increase of amino nitrogen in E. coli 
cultures between the second and fourth days appeared to be 
characteristic, as it was found in several experiments. It may 
be taken to indicate h 3 ’^drolysis of polypeptides to simpler pep- 
tides or to amino acids. 

A. acrogenes caused the greatest change in soluble or non- 
protein nitrogen, reducing its concentration in the medium nearly 
50 per cent in two daj’^s. This organism lilcewise caused the 
greatest decrease in amino nitrogen. Almost all the difference 
nitrogen was removed from solution in the first two days of 
growth. 

The intermediate culture likewise utilized almost all the dif- 
ference nitrogen within two days, but caused little change in 
amino nitrogen. 

In everj'^ case, the data indicate a considerable synthesis of 
bacterial protein during the first two days of growth. There- 
after the protein nitrogen decreased while difference nitrogen, 
and in some cases amino nitrogen, increased. It is therefore 
e\ddent that cellular autolysis took place. It is interesting to 
note that in no case were large amounts of ammonia liberated. 

UTILIZATION OP AMMONIA IN PRESENCE OP PEPTONE 

Experiments were performed in which the culture medium con- 
tained both ammonium chloride and peptone as sources of nitro- 
gen, in an attempt to determine which form of nitrogen is more 
readily utilized by coliform bacteria. The results of analyses 
are shown in table 3. In general, the changes in nitrogen dis- 
tribution are similar to those shown in the previous table, when 
peptone alone served as nitrogen source. As before, the greatest 
changes occurred in the difference nitrogen fraction. In no case 
was ammonia utilized to any appreciable extent. In fact, there 
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was an increase of ammonia nitrogen in everj^ culture at some 
time during the period of incubation. 

It must be remembered that the ammonia content of the me- 
dium at any moment may represent merely the balance between 
the processes of production and utilization. That is, an or- 
ganism may liberate ammonia by deamination of amino acids 
and immediately utilize it as source of nitrogen. Accumulation 

TABLE 3 


Utilization of peptone and ammonia nitrogen hy colifomi bacteria 
Medium; peptone (0.5 per cent), NHtCl (0.075 per cent), glucose (0.5 per cent), 
KjHPOi (O.S per cent); pH 7. Nitrogen in milligrams per 100 ml. 


CULTtTBE 

AOS 

TOTAI. 

N 

PBOTEIN 

N 

NOJT- 

raOTElN 

N 

DIFFER- 

EJ?CE 

N 

AMINO 

N 

AMMONIA 

N 



days 









0 

102.6 

60.3 

42.3 

8.0 

14.6 

19.7 

E. coli 


2 


65.1 

37.5 

3.9 

13.2 

20.4 



4 


63.7 

38.9 

0.2 

18.6 

20.1 



6 


62.6 

40.0 

4.8 

14.7 

20.5 



0 

102.6 

60.3 

42.3 

8.0 

14.6 

19.7 

A. aerogenes 


2 


68.4 

34.2 

2.5 

11.3 

20.4 


4 


71.4 

31.2 


11.1 




6 


72.5 

30.1 

2.5 

9.5 

18.1 



0 

102.6 

60.3 

42.3 

8.0 

14.6 

19.7 



2 


66.3 

36.3 

2.3 

15.9 

18.1 

Intermediate 


4 


64.6 

38.0 

3.8 

14.6 

19.6 


1 

6 


64.0 

38.6 

7.8 

10.7 

20.1 


of ammonia in the medium should occur only in the absence of 
a suitable supply of available energy. 

It is possible that amino acids or simple peptides may be 
synthesized directly into bacterial protoplasm without interme- 
diate deamination. Wilson, Peterson and Fred (1930) showed 
that there was strong possibility of synthesis of protoplasm from 
amino acids by an anaerobe, Clostridium aceiohuiylicim. The 
fact that in the present experiments the ammonia content of 
the medium did not decrease indicates that this may also be 
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true for some of the coliform bacteria. If the organisms were 
dcaminating amino acids and then using the resulting ammonia 
to build up protoplasm, it is reasonable to assume that they 
might also utilize some of the ammonia which was added as 
ammonium chloride, and which could be secured without the 
expenditure of energy neccssar3’’ to split it off from amino acids. 
There should consequentlj’’ result a net decrease in ammonia 
nitrogen. It maj’^ be objected that some more "active” form 
of anunonia, such as might result in the process of deamination, 
is required for bacterial sjmthesis. This, however, is contra- 
dicted bj’’ the demonstrated ability of coliform bacteria to utilize 
nitrogen from anmionium salts. Therefore, the data strongly 
indicate that amino acids or simple peptides may be assimilated 
directlj'^ bj’’ these bacteria. 

Since it was evident that the coliform cultures studied made 
greatest use of organic nitrogen even in the presence of added 
ammonia, and since the greatest change in nitrogen distribution 
occurred in the difference or "polypeptide” fraction, an experi- 
ment was performed to give further evidence on this point by 
determining soluble peptide nitrogen directly. Alpha-amino 
nitrogen was determined as usual on tungstic acid filtrates of 
the cultures, both before and after acid hydrolj’^sis. In general, 
the nitrogen distributions corresponded with those already 
reported. Relatively great changes were noted in the peptide 
fraction, thus confirming the trend of the calculated difference 
nitrogen data. 

UTILIZATION or GLUCOSE AND NON-PROTEIN NITROGEN 

The relationship between growth, utilization of glucose and 
decrease in tungstic acid-soluble or non-protein nitrogen is shown 
by the following experiment. A medium containing peptone 
(0.5 per cent), glucose (0.4 per cent), K2HPO4 (0.1 per cent), 
at pH 7, was employed. This was dispensed in bottles contain- 
ing 30 ml. of 1 per cent agar containing 5 per cent of CaCOs to 
neutralize acids produced during the fermentation. Plate counts, 
glucose and tungstic-acid-soluble nitrogen determinations were 
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made immediately after moculation, and again after incubation 
at 37°C. for twelve and twenty-four hours. The results are 
shown in table 4. 

The data show that, with respect to the first twelve hours of 
growth, the cells of A. aerogenes were much more active than 
those of E. coli in the utilization of glucose and non-protein 
nitrogen (the decrease in the latter per milliliter of culture was 
not as great, however, with Aerohacter as with Escherichia). The 
ratio of glucose to non-protem nitrogen shows that the Aero- 

TABLE 4 


Utilization of glucose and non-protein nitrogen by coliform bacteria 
Initial analysis: glucose = 3.63 mgm. per ml.; non-protein (tungstic acid 
soluble) nitrogen = 0.289 mgm. per ml. 


AOE 

B. COU 

A. AEROOCKES 

INTEII- 

USDIATE 


12 hours 

S4 hours 

12 hours 

2i hours 

12 hours 

Increase in bacterial count per 
ml. (X 10«) 

755 

855 

486 

796 

1G8 

Glucose utilized (mgm. per 
ml.) 

2.76 

3.49 

3.27 

3.40 

1.57 

Glucose utilized per cell (mgm. 
X 10-") 

3.66 

4.08 

6.73 

4.27 

9.35 

Non-protein N utilized (mgm. 
per ml.) 

0.057 

0.081 

0.050 

0.091 

0.032 

Non-protein N utilized per cell 
(mgm. X 10~“) 

7.55 

1 

9.48 

10.29 

1 

11.42 

19.05 

Glucose 

Ratio; — ; — 

Non-protem N 

48.4 

43.1 

65.5 

37.4 

48.1 


hacter strain utilized more glucose per milligram of nitrogen than 
did the Escherichia. This may indicate that the former organism 
required more carbon either for cellular materials, or as source 
of energy for metabolic processes, or both. The results of the 
twenty-four hour analyses show that upon exhaustion of the 
carbohydrate, the ratio of glucose to non-protein nitrogen fell, 
as would be expected. 

The decrease was much greater in the case of A. aerogenes 
then in that of E. coli, and roughly paralleled the increase in 
bacterial count. This indicates attack upon the nitrogenous 
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conslitueni of the culture medium as source of food and energy, 
particularly in the Acrohaclcr culture. Analysis of cultures of 
the intermediate strain after twelve hours of growth showed 
greater utilization per cell of glucose and non-protein nitrogen 
than was obtained with either of the other two strains, but the 
glucose: non-protein nitrogen ratio was practically identical with 
that of E. coU. 

DISCUSSION 

It has been found that strains of Escherichia, Aerobacter, and 
an Eschcrichia-Acrohacter intermediate possessed the ability to 
utilize ammonia nitrogen in the absence of an organic source, 
but that when peptone nitrogen also was present there was no 
apparent utilization of ammonia nitrogen. In the peptone me- 
dium there was e^ddence of attack on the soluble or non-protein 
nitrogen, particularly the difference or "polypeptide” fraction. 
The strain of Aerobacter aerogcncs showed greater activity than 
did the other two coliform strains in its action on soluble and 
amino nitrogen. This may be correlated in part with the rapid 
utilization of glucose by this organism and consequent necessity 
for obta inin g carbon and energy from some other source, e.g., 
peptone. 

The so-called sparing action of carbohydrates on protein utiliza- 
tion has been emphasized by Berman and Rettger (1918b), 
Kendall et al., (1922), and by others. In particular, it has been 
noted that, in the absence of carbohydrates, there is a tendency 
toward increased ammonia production, attributed to deamina- 
tion of amino acids. However, tables 2 and 3 indicate that 
certain bacteria may assimilate amino and simple peptide nitro- 
gen directly and build it into protoplasm. This is noted par- 
ticularly in the case of the Aerobacter aerogenes cultures, in which 
glucose utihzation was practically complete after the first day 
(c/. table 4). These showed a decrease of amino nitrogen far 
in excess of the change in ammonia nitrogen. That some con- 
stituent of the soluble or non-protein fraction of nitrogen was 
increasingly attacked after exhaustion of the carbohydrate was 
shown in table 4, where it was noted that Aerobacter aerogenes, 
in particular, evidently made use of soluble nitrogenous material 
as source of carbon and energy. 
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SUMilAEY 

Strams of Escherichia, Aerohacter, and an Escherichia-Acro- 
hacter intermediate utilized ammonia when this was suppUed as 
a sole source of nitrogen. However, when peptone nitrogen also 
was present, there was no apparent utihzation of ammonia. 

Periodic analyses indicated that amino and simple peptide 
nitrogen might be assimilated directly and built into protoplasm 
without intermediate deamination. 

The author is greatly indebted to Dr. W. H. Peterson for 
suggestions and helpful criticism during the course of the work. 
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IManj' investigators have shown that the electrophoretic 
migration velocities of dilTerent bacteria are parallel with certain 
other properties of the cultures. The relationships to be de- 
scribed were noted during the course of an investigation of the 
electrophoretic migration velocities of eolon bacilli. 

The technic of Chapman (1929) was employed, the capillary 
cell which was described by Falk, Jensen and Mills (1928) being 
used because it is convenient for studying a large number of 
cultures. Electrophoretic determinations were made almost 
dailj’’ over a period of about 5 years, during which time the aver- 
age velocities of three control strains of Escherichia coli remained 
constant. Tittsler and Berrj’’ (1938) found that the velocity of 
colon bacilli remained constant during serial cultivation on a wide 
variety of culture media. 

In our earlier series, however, the individual measurements of 
the control strains were not constant. The variations were 
traced to changes in the distance between the electrodes which, 
being made of thin platinum wire, sometimes became bent while 
the capillary tubes were being placed in position or when the cell 
was being cleaned. Because of the difficulty of adjusting the 
distance precisely by means of calipers, and of assuring that the 
electrodes were parallel below the water line, the speed of the 
strains was controlled by a potentiometer. Before the tests were 
made each day, the speed of one of the standard strains was 
adjusted by the potentiometer until it coincided with its average 
velocity. The dial setting was kept at this point throughout the 
tests. The other two control strains were tested at the end of the 
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day’s series. If they showed deviations from their average 
velocities, it indicated that the electrodes had become bent 
during the tests and the calculations were, therefore, erroneous. 
This occurred only once, and the results were discarded. 

When suitably controlled, the results by this method should be 
comparable with those obtained by instruments which permit 
calculation of the absolute zeta potential. The results obtained 



Fig. 1. Fbequency Distribution' of Electrophoretic Mobilities of 5052 
Coli-Aerogenes Cultures 


with the second control strain did not vary more than 2 per cent 
from the calculated average. The observed velocities of the 
third strain, which was more difficult to calculate because of its 
excessive speed, did not vary more than 4 per cent from the cal- 
culated average. Dozois, et al (1932), Rosenow (1934) and 
Chapman (1929) agree that such readings in general do not vary 
more than 4 per cent. 
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Everj' cfTort, was made to prevent contamination of the ap- 
paralns by grease. The capillary tubes were boiled several hours 
in bichromale-sulfuric acid cleaning fluid. 

The vclocilics of 5052 cultures of colon bacilli were determined 
as just described and the results are classified in figure 1. The 
frequencies of ci{, rate-utilizing and non-utilizing strains w'hich 
produced an Acrogcncs type of colony on Le%’ine’s cosine meth- 
ylene-bluc medium were identical, the modes being 53jti/100 



Fig. 2. Relation'ship det^tien the EtEcrnoPHORETic Migration Velocities 
otE. coli Strains and the Complement-Fixing Power with E. coli Antigen 
OF THE Serum from the Persons from W'hom the Strains Were Isolated 


applied volts/sec./3.45 cm. The frequencies of hemol 3 d;ic and 
non-hemolytic strains of E. coli were similar, the modes being 
about 58ju. Paracoli (non-lactose fermenters, or degraded colon 
bacilli) had a mode of about 58 to 63/i. Dozois (1936) found the 
average velocity of Escherichia to be different from the average 
of Aerobacter. 

Of 1237 strains which were considered as having produced an 
Aerogenes type of colony on Levine’s eosine methylene-blue 
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inedium, 55.5 per cent did not utilize citrate on Simmons’ me- 
dium. ^ The taxonomic position of these strains has not been 
determined. Their failure to utilize citrate, and their reactions 
to indol, methyl-red and Vosges-Proskauer tests suggests that 
they belong to the genus Escherichia. Mucoid forms of E. coli 
were described by Parr (1933). However, the electrophoretic 
frequency distribution curves and the appearance of the colonies 
on Levine’s medium indicate that they may be more closely 
related to Aerdbacter than to E. coli. Complement-fixation re- 
actions support this view, as will be shown elsewhere. 

There was a general relationship between the electrophoretic 
migration velocities of E. coli strains isolated from feces and the 
complement fixing power of the active serum of the person from 
whom the cultures had been isolated (fig. 2). Of the E. coli 
strains isolated from persons whose sera fixed complement with 
E. coli antigen, 63 per cent had velocities of less than 52ju/100 
applied volts/sec./3.45 cm., while only 31 per cent of E. coli 
strains from persons whose sera did not fix complement with 
E. coli antigen had similar velocities. This suggests that the 
power to stimulate complement-fixing antibodies is related to 
the electrophorectic mobilities of the cultures; possibly both 
characteristics are in part dependent upon a common factor. 

CONCLUSIONS 

Based upon results obtained with the Falk capillary type cell, 
the distribution frequencies of the electrophoretic migration 
velocities of cultures producing an Aerogenes type of colony on 
Levine’s eosine methylene-blue medium were sunilar, regardless 
of their reactions to indol, methyl-red and Vosges-Proskauer tests, 
but were different from those of Escherichia coli and non-lactose 
fermenters. 

Strains of E. coli isolated from persons whose sera fixed com- 
plement with E. coli antigen had a different frequency distribu- 
tion of electrophoretic migration velocities than had strains 
isolated from persons whose sera did not fix complement with 
E. coli antigen. This suggested that differences m electrophoretic 
migration velocities of E. coli cultures are associated with differ- 
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ences in the power of the cultures to stimulate the production of 
complement fixing antibodies to E. coli. 
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In a previous communication (Mackie, 1938) we have re- 
ported observations upon the Shigella dysenteriae agglutinin 
curves in a group of patients presenting the intestinal pathology 
of chronic bacillary dysentery and bacteriologic or serologic ev- 
dence of infection by these organisms. Fluctuation of the titre 
curves in individual patients, the common finding of higher 
titres in the culture-negative cases than in the culture-positive 
cases, and the infrequency and low titre of normal agglutinins in 
the control groups, suggest that agglutinins for Shigella dysen- 
teriae may develop in response to non-specific heterologous infec- 
tion. The studies here reported were undertaken to investigate 
this possibility. 

It is known that immunization of an animal against Eberthella 
typhosa often leads to the production of major agglutinins for 
the homologous organism, and of minor agglutinins for certain 
strains of Escherichia coli. Absorption of such a serum by its 
homologous antigen removes the minor as well as the major 
agglutinins (Bulloch, 1929). Agglutinins for S. dysenteriae, 
previously absent, have been observed to appear in the serum 
of certain patients suffering from chronic ulcerative colitis in the 

* Associate, Department of Public Health and Preventive Medicine, Cornell 
University Medical College; Attending Physician, The Roosevelt Hospital. 
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course of i^unkation with a mixture of E. coU toxin and 
vaccine (Winkelstein). 

According to Gay (1935) it is not unusual, in bacillary dysen- 
tery, to recover E. coli which agglutinate in Flexner anti-serum. 
This phenomenon of para-agglutination was first reported by 
Duval and Shorer (1904). It was confirmed subsequently by 
others (Park and Williams, 1910; Kuhfl, Gildemeister and War- 
the, 1911; Eligler, 1918). 

Hegedus (1933) has reported the isolation of strains of E. coli 
from d 3 >'senter 3 r patients which were agglutinated by Flexner anti- 
serum. An anti-coli serum prepared with one of these strains 
agglutinated Flexner bacilli to fifty per cent titre. Reciprocal 
absorption of this serum by the homologous and heterologous 
bacilli completely removed the agglutinins for both organisms. 
It is not entirely clear, however, that he was using uniformlj'’ 
smooth cultures. Rough variants of several Flexner strains and 
Soime bacilli have been shown to be related to a group of non- 
hemoljdic, non-sucrose-fermenting E. coli (White, 1929). 

A wide immimological relationship exists between the “R” 
variants of the intestinal bacilli (Schiitze, 1921; White, 1926; 
Arkwright, 1931). Moreover, the “0” (somatic) antigen in anj' 
group is shared by many organisms in that group, and occasion- 
all 3 '- b 3 ’' unrelated organisms (Zinsser and Bajme-Jones, 1935). 
The agglutination relationships between rough variants of the 
intestinal bacilli are determined b 3 ^ the “0” antigens and ag- 
glutinins of roughness. Partial “R” dissociation, therefore, may 
lead to non-specific agglutination. Thibault and Braunberger 
(1935), working with the Shiga bacillus, have foimd that neither 
colon 3 ’' appearance nor physical tests could be depended upon to 
insure pure “S” strains. 


MATEEIAn 

We have isolated thirteen strains of Escherichia coli which 
exhibit close antigenic relationship to Shigella dysenteriae Sonne 
and Flexner. These were obtained from twelve patients whose 
sera agglutinated Flexner or Sonne strains but were repeatedly 
negative on culture at proctoscopy for S. dysenteriae. The ag- 
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glutinabiliiy of these strains of E. colt, and their ability to absorb 
the dysenterj'- agglutinins from the patients’ sera have been in- 
vestigated. In like fashion their behavior in monovalent anti- 
dysenterj'- rabbit serum has been studied. Each strain of E. coli 
has been used to produce a monovalent anti-coli rabbit serum, 
and the agglutinability and agglutinin absorption capacity of the 
homologous E. coli and heterologous S. dysenteriae have been 
studied. 


METHons 

Care was e.vercised to insure the use of smooth strains of 
E, coli and of S. dysenteriae for the preparation of anti-sera, for 
the absorption antigens, and for the preparation of formolized 
antigens for agglutination tests. Repeated plate subcultures 
were used. Discrete colonies were examined under high mag- 
nification with the dissecting microscope. Only smooth glassy 
colonies were replated. These replatings were continued until 
subcultures were uniformly smooth. One smooth colony was 
then fished to slants for preparation of the antigen, and plate 
cultures were made from the slant growth and re-examined for 
smoothness. All were tested for spontaneous flocculation in 
0.85-per-cent sodium chloride solution. 

Agglutination reactions have been performed with formolized 
antigens. Standard agglutination tubes have been used, and in 
each instance the end point of the reaction has been considered 
to be that dilution in which definite although incomplete clumping 
is visible to the unaided eye. The detailed technique was 
identical with that used in the previous study (Mackie, 1938). 

Living antigens were used throughout for absorbing the sera. 
In each instance the serum was diluted 1/5 with 0.85 per cent 
saline solution. To this was added an equal volume of cell 
suspension. For absorbing the human sera, a 1 /20 cell dilution 
was used. Lack of sufficient serum made titration impracticable. 
For the rabbit sera, however, the absorbing dose was titrated in 
each instance and that 4ose chosen which reduced the homologous 
agglutinin titre to 1/20. These cell dilutions varied from 1/2 
to 1/25. The suspension of living cells and diluted serum was 
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held in the water bath at 45°C. for two hours, and then placed 
in the icebox over night. The serum and bacterial bodies were 
separated by centrifuge and the supernatant fluid tested in serial 
dilution with formolized antigen. 

The Escherichia coli strains were recovered by direct inoculation 
at proctoscopy upon plates of MacConkey’s medium, eosin meth- 
ylene-blue and desoxycholate agar. After twenty-four hours in- 
cubation, one hundred random colonies were fished to rabbit 
blood agar plates. These were kept at room temperature over 
night. Five nonhemolytic, and, if present, five hemolytic 
colonies, were inoculated by stab into tubes of 0.5 per cent 
hormone agar and thence to agar slants. These ten strains were 
then tested against the monovalent anti-dysentery rabbit sera. 
All those that agglutinated were retained and one non-agglu- 
tinating strain was likewise retained for purposes of control. 

The cultiual characteristics of the Escherichia coli are shown 
in table 1. Five were motile. Eight were non-motile. Ten of 
the strains were hemolytic on rabbit-blood agar. All were gas 
formers. All gave positive methyl-red and negative Voges- 
Proskauer reactions. Gelatin was not liquefied. Indol was 
tested for colorimetrically. 5 cc. broth cultures containing 1 per 
cent peptone and 0.5 per cent NaCl were incubated at 37.5°C. 
for two days. To these were then added 1 cc. dimethylamido 
benzaldehyde (2 grams in 100 cc. ethyl alcohol) and 6-7 drops 
of concentrated HCl. The mixture was then shaken with 2 cc. 
of chloroform and the color of the latter checked against LaMotte 
pH indicators. The presence of indol is demonstrated by a pH 
reading ranging from 7.2 to 8.2 

The Shigella dysenteriae strains are subcultures of known types 
(Murray, 1918) kindly fiunished to us by Professor E. G. D. 
Mturay of McGill University, as follows: 

PB24, Karim Kahn: Y Ledingham, Mannitol fermenting; 
Flexner types; E. Ledingham: Slow lactose-fermenting; Sonne. 

These have been compared with strains of S. dysenteriae ob- 
tained from the Hygienic Laboratory of the United States Public 
Health Service. The cultiual reactions are comparable (table 2) . 
Agglutination and agglutinin absorption tests confirm the classifi- 
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A4-C3 = Acid and clot, 3 days incubation. 
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cation of the antigens used for this and the preceding study. 
Dispar # 29 agglutinates to full titre of the E. Ledingham serum 
and completely absorbs the homologous agglutinins. Flexner 
#57 and VX #37 agglutinate to full titre in PB24 serum and 
completely remove the homologous agglutinins. Flexner Lister V 
agglutinates to the full titre of Karim Kahn antiserum and com- 
pletely absorbs the homologous agglutinins. Y Ledingham # 44 
agglutinates to full titre of our Y Ledingham serum and com- 
pletely removes the homologous agglutinins. 

EXPERIMENTAL DATA 

Findings loith patients’ sera 

Sera from the twelve patients from whom the Escherichia coli 
were recovered were tested for agglutinins against the homologous 
E. coli and the four /S. dyscnieriae antigens (table 3). The titres 
for the latter ranged from 1/80 to 1/640. Five of the coli 
strains failed to agglutinate; eight showed agglutination at dilu- 
tions of 1/40 to 1/640. In four instances the coli and the 
dysenterj'- agglutinin titres were identical. One strain of E. coli 
agglutinated in higher dilution than the 5. dysenteriae antigens. 

Nine of the sera, after absorption with the corresponding 
strains of E. coli, showed complete disappearance of agglutinins 
for one or more of the strains of S. dysenteriae. 

Five of the sera, after absorption with one or more of the 
S. dysenteriae antigens, showed complete loss of agglutinins for 
the corresponding strain of E. coli. In one serum the titre was 
reduced and in one it was unchanged. Lack of serum prevented 
studies of the remaining sera. 

Findings with monovalent anti-dysentery rabbit sera 

Four monovalent rabbit anti-sera were used for this study. 
PB24, Karim Kahn, and E. Ledingham reached a titre of 40,960. 
the Y Ledingham serum titre was 20,480. 

The agglutinability of the thirteen strains of E. coli was studied 
in these sera unabsorbed, after absorption by the homologous 
S. dysenteriae, and after absorption by the heterologous E. coli. 
In each instance absorption by the homologous antigen removed 
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both the homologous dysentery^ agglutinias and the heterologous 
coli agglutinins. Absorption of the sera by the indi\ddual E. coli 
strains removed the corresponding coli agglutinins. 

Unabsorbed PB24 serum did not agglutinate any of the E. coli 
strains to full titre (table 4). One strain, S-NH, reached half 
titre, and two, W-NH and W-H7, agglutinated at one-eighth 
titre. All the remaining strains agglutinated in serum dilutions 
varying from 1/160 to 1/1280. 

TABLE 4 


Agglulinin Hires — E. coli vs. PBS4 serum 


pb24 serum ukabsorbed 

pb24 ab- 
sorbed WITH 
pb24 

pb24 serum absorbed 'wmi 

E. COU vs. E. COLI 

PB24 serum ABSORBED T^TTII 
E. COLI V8. PB24 

Absorbing 

organism 

Final titro 

Absorbing 

organism 

Final titro 

PB24 

40,960 

20 





IMI-H6 

2,560 

20 

:mi-H6 

20 1 

MI-H6 

40,960 

VC-H3 

160 

20 

VC-H3 

20 

VC-H3 

40,900 

S-H6 

320 

20 

S-H6 

20 

S-H6 

40,900 

G-NH3 

1,280 

20 

G-NH3 

20 

G-NH3 

10,240 

S-NH 

20,480 

20 

S-NH 

20 

S-NH 

5,120 

W-NH 

5,120 

20 

W-NH 

20 

W-NH 

40,960 

W-H7 

5,120 

20 

W-H7 

20 

W-H7 

10,240 

T-Hl 

1,280 

20 

T-Hl 

20 

T-Hl 

20,480 

A-H6 

1,280 

20 

A-H6 

20 

A-H6 

10,240 

w-m 2 

160 

20 

W-H12 

20 

W-H12 

40,900 

L-H2 

320 

20 

L-H2 

20 

L-H2 

20,480 

L-Hl 

160 

20 

L-Hl 

20 

L-Hl 

40,960 

G-H2 

320 

20 

G-H2 

20 

G-H2 

10,240 


Absorption with the individual coli strains variously affected 
the titre for the homologous dysentery antigen. Strain S-NH, 
which agglutinated to highest titre in the unabsorbed serum, 
proved to be the most active absorber of the group, reducing the 
titre for PB24 to 5,120. W-H7, which agglutinated to an eighth 
titre, reduced the homologous agglutinins to 10,240. The three 
strains, G-NH3, T-Hl, and A-H6, likewise showed active ab- 
sorption. They reduced the titre for the homologous PB24 
antigen to 10,240, 20,480, and 10,240 respectively. L-H2 and 
G-H2, although agglutinating only to 1/320, reduced the titre 
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for the liomologous d 3 ’^Eentery antigen to 20,480 and 10,240 
^espectivcl5^ 

The unabsorbed Karim Kahn serum likewise failed to ag- 
glutinate anj' of the E. coli strains to full titre (table 5). Only- 
two, W-HT and L-IIl , reached one-quarter titre. The remainder 
agglutinated in dilutions varying from 1/320 to 1/5120. 

Eight of the E. coli strains, when used to absorb the Karim 
Kahn serum, reduced the titre of this serum for its homologous 


TABLE 6 


Agglulinin litres — E. coli vs. Karim Kahn scrum 


EC snnuu UKAnsonneo 


KK unncM AMonncD ^mi 
r. COLI XK E. COLI 

EE senuu ABSOHDED WITH 
E. COLI VB. EE 

A bf orbing 
organism 

Final titro 

Absorbing 

organism 

Final titro 

KK 

40, %0 

20 





MI-HG 

320 

20 

MI-HG 


MI-HG 

40,960 

VC-HS 

GIO 

20 

VC-H3 


VC-H3 

40,960 

S-HG 

G40 

20 

.S-IIG 

20 

S-HG 

20,480 

G-NH3 

010 

20 

G-xn3 

20 

G-XH3 


S-NH 

5,120 

20 

S-XII 

20 

S-XH 

20 

W-XH 

2,5G0 

20 

W-XH 

20 

W-XH 

5,120 

3Y-n7 

10,210 

20 

W-H7 

20 

W-H7 

5,120 

T-Hl 

1,2S0 

20 

T-IIl 

20 

T-Hl 

20,480 

A-HG 

2,5G0 

20 

A-HG 

20 

A-HG 

10,240 

w-ni 2 

G40 

20 

W-H12 

20 

W-H12 

40,960 

L-H2 

G40 

20 

L-H2 

20 

L-H2 

40,960 

L-Hl 

10,240 

20 

L-Hl 

20 

L-Hl 

10,240 

G-H2 

320 

20 

G-H2 

20 

G-H2 

10,240 


antigen to fifty per cent or less. S-NH, although agglutinating 
only to 5120, completely absorbed the Karim Kahn agglunitins. 
G-H2, which agglutinated only to 1/320 in the unabsorbed serum, 
reduced the titre for the homologous antigen to twenty-five 
per cent. 

The unabsorbed Y Ledingham serum agglutinated one of the 
E. coli strains, W-H7, to full titre; a second, S-NH, to half titre; 
and a third, W-NH, to one-quarter titre. The remain i ng ten 
strains agglutinated at dilutions ranging from 1/160 to 1/2560 
(table 6). 
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Nine of the E. coli strains, when used to absorb the Y Leding- 
ham serum, reduced the titre for the homologous dysentery' 
antigen to fifty per cent or less. The completeness of absoiption, 
however, did not paraUel exactly the agglutinability of the coli 
strain in the unabsorbed serum. W-H7, which agglutinated to 
full titre, reduced the homologous dj'sentery agglutinins to fifty 
per cent. S-NH agglutinated at half titre and reduced the 
homologous agglutinins to 1/1280. W-NH agglutinated at 

TABLE 6 


Aggluiinalion litres — E. coli vs. Y Ledingham scrum 


TJKABSORBED 

T LED SERtTlt 
ABSOBBCO 
WITH T LED 

T LED 6EBUM ABBORBED 
WITH E. COLI VS. E. COLI 

T LED SERI7M ABSORBED 
WITH E. COLI VS. T LED 

Absorbing 

organism 

rinsl titr© 

Absorbing 

organism 

Final tiler 

y Led 

20,480 

20 





JMI-H6 

1,280 

20 

MI-H6 

20 

MI-H6 

10,240 

VC-H3 

160 

20 

VC-H3 

20 

VC-H3 

20,480 

S-H6 

640 

20 

S-H6 

20 

S-H6 

10,240 

G-NH3 

640 

20 

G-NH3 

20 

G-NH3 

10,240 

S-NH 

10,240 

20 

S-NH 

20 

S-NH 

1,280 

W-NH 

5,120 

20 

W-NH 

20 

W-NH 

10,240 

W-H7 

20,480 

20 

W-H7 

20 

W-H7 

10,240 

T-Hl 

1,280 

20 

TlHl 

20 

T-Hl 

20,480 

A-H6 

2,560 

20 

A-H6 

20 

A-H6 

10,240 

W-H12 

640 

20 

W-H12 

20 

W-H12 

20,480 

L-H2 

640 

20 

L-H2 

20 

L-H2 

5,120 

L-Hl 

160 

20 

L-Hl 

20 

L-Hl 

20,480 

G-H2 

320 

20 

G-H2 

20 

G-H2 

10,240 


twenty-five per cent titre and reduced the dysentery agglutinins 
to fifty per cent. 

Tour strains, which agglutinated in relatively low dilutions, 
1/320 to 1/640, proved to be active absorbers of Y Ledingham 
agglutinins, reducing the titre of the serum in these mstances to 
fifty per cent and in one to twenty-five per cent. 

The results obtained with E. Ledingham (Sonne) serum were 
striking (table 7). Six of the coli strains agglutinated at fuU 
titre, one at half titre, and two at one-quarter titre. One reached 
one-eighth titre. The remaining three failed to agglutinate m 
dilutions above 1/320. 
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The six strains of E. coli, which agglutinated at full titre in 
the E. Ledinghain serum, completely absorbed the dysentery 
agglutinins. The two strains A-HG and W-H12, which ag- 
glutinated at one-half and one-quarter titre respectively, likewise 
completely absorbed the E. Ledingham agglutinins. G-NH3 
agglutinated to one-quarter titre and reduced the dysentery 
agglutinins to one-eighth. W-NH7 and W-H7, which aggluti- 
nated only to 1/320, reduced the homologous agglutinins in the 
serum to fifty per cent. S-NH agglutinated at 1 /320 and reduced 

TABLE 7 


Agglutination titres — E. coli vs. E. Ledingham scrum 


E. LED SERUM UNAD- 
BOnOED 

E. LED SEUUM 
AOSORtlEO 
yvtrtl E. LED 

E. LED SEflUM ADSORDED 
WITH E, COLI VB. E. COU 

E. LED BCRUM ADSOROED 

wrrn e. coli vs. e, led 

AbsorbiRK 
orsaniem j 

1 Pinal tUro j 

Absorbing 

organism 

Final titro 

E. Lod 

40,9G0 

20 





MI-HG 

40,960 


MI-H6 


MI-HG 

20 

VC-H3 

40,9G0 

20 

VC-H3 


VC-H3 

20 

S-HG 

40,900 

20 

S-HG 

20 

S-HG 

20 

G-NH3 

10,240 

20 

G-NH3 

20 

G-NH3 

6,120 

S-NH 

320 

20 

S-NH 

20 

S-NH 

10,240 

W-NH7 

320 

20 

W-NH7 

20 . 

W-NH7 

20,480 

W-H7 

320 

20 

W-H7 

20 

W-H7 

20,480 

T-Hl 

40,9G0 

20 

T-Hl 

20 

T-Hl 

20 

A-HG 

20,480 

20 

A-HG 

20 

A-HG 

20 

W-H12 

10,240 

20 

W-H12 

20 

W-H12 

20 

L-H2 

40,960 

20 

L-H2 

20 

L-H2 

20 

L-Hl 

5,120 

20 

L-Hl 

20 

L-Hl 

5,120 

G-H2 

40,960 

20 

G-H2 

20 

G-H2 

20 


the agglutinins to twenty-five per cent. L-H2 agglutinated to 
1/5120 and reduced the serum titre after absorption to the 
same figure. 

Findings with monovalent anti-coli rabbit sera 

A monovalent rabbit serum was prepared against each of the 
thirteen strains of Escherichia coli. These sera ranged in titre 
from 10,240 to 40,960. 

The agglutinability of the four strains of S. dysenteriae was 
studied in these sera unabsorbed, after absorption by the homolo- 
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gous E. coli, and after absorption by the heterologous S. dyscn- 
teriae. Absorption of each serum by its homologous antigen 
removed both the homologous coli agglutinins and the heter- 
ologous dysentery agglutinins. Absorption of the sera by the 
individual strains of S. dysenieriae removed the corresponding 
dysentery agglutinins. 

The thirteen sera fall into two groups on the basis of the 
behavior of the E. Ledingham dysentery bacillus. The first 
group of five, with the exception of one, W-NH, fail to reveal 
any antigenic relationship between the homologous E. coli and 
the E. Ledingham Soime. The second group of eight sera, on 
the other hand, afford evidence of close relationship between 
the homologous antigens and the heterologous E. Ledingham. 

The five sera of group one (table 8) failed to agglutinate 
E. Ledingham above 1/640. In one instance, W-NH, absorp- 
tion of the serum with this strain of S. dysenieriae reduced the 
titre for the homologous E. coli fifty per cent. The other sera 
were not affected. 

Varying reactions were obtained with the Flexner strains. 
The PB24 Flexner agglutinated to full titre in unabsorbed S-NH 
serum. Absorption of the serum with PB24 completely removed 
the homologous coli agglutinins. The Y Ledingham and Karim 
Kahn Flexners, agglutinated at one-half and one-eighth titre 
respectively. Each completely absorbed the homologous coli 
agglutinins. 

W-NH serum, titre 40,960, agglutinated Karim Kahn to one- 
quarter titre. Absorption with this organism reduced the 
homologous coli agglutinins to 640. Y Ledingham, which ag- 
glutinated at one-eighth titre, did not absorb the homologous 
agglutinins. Conversely, E. Ledingham and PB24, agglutinating 
at 1/640, reduced the serum titre for the homologous coli to 
fifty per cent. 

G-NH3 serum agglutinated PB24 at 1280. Absorption mtli 
this strain of Flexner reduced the titre for the homologous antigen 
to fifty per cent. Two of the other dysentery antigens ag- 
glutinated at low titre but failed to absorb. 

W-H7 serum agglutinated the three Flexner strains at one-half, 
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one-quarter and one-eighth litre respectively. Absorption with 
these organisms reduced the homologous coli agglutinins to one- 

TABLE 8 


Agglutination litres— S. dtjscntcriac vs, E. coli sera 





RrnuM AiiBonDED WITH n. 

ETSENTEIUAE VS. B. ETSEN- 
TElItAE 

SnnUM AlJROnDED WITH B. 
DTSENTmiAE HOMOL- 

oaouB E. con 

E. COLI srnuM 

TITHES UNAESOnnED 
BEnUlI 

A bsorbm^ or- 
ganism 

TinM 
titro 
corro- 
Bpond- 
ing or- 
gnniem 

Absorbing or- 
gnnism 

Final 
titro for 
homol- 
ogous 
E, coli 

’ 

G-NH3 
E. Led 

20,480 

040 

E. Ledinglmm 

20 

E. Lcdingham 

20,480 

G-NH3 . . . 

PB24 

1,280 

PB24 

20 

PB24 

10,240 


KK 
y Led 

0 

6-10 

Karim Kahn 

Y Lcdingliam 

20 

Karim Kahn 

Y Lcdingham 

20,480 

’ 

S-NH 

E. Led 

10,240 

320 

E. Lcdingham 

20 

E. Lcdingham 

10,240 

S-NH 

PB24 

10,240 

PB24 

20 

PB24 

20 


KK 

1,280 

Karim Kahn 

20 

Karim Kalm 

20 


Y Led 

5,120 

Y Lcdingham 

20 

Y Lcdingham 

20 


W-H7 

E. Led 

40,900 

040 

E. Lcdingham 

20 

E. Lcdingham 

40,960 

W-H7 

PB24 

5,120 

PB24 

20 

PB24 

10,240 


KK 

10,240 

Karim Kahn 

20 

Karim Kahn 

5,120 


y Led 

20,480 

Y Lcdingham 

20 

Y Lcdingham 

20,480 


W-NH 
E. Led 

40,900 

040 

E. Lcdingham 

20 

E. Lcdingham 

20,480 

W-NH 

PB24 

040 

PB24 

20 

PB24 

20,480 


KK 

10,240 

Karim Kahn 

20 

Karim Kahn 

640 


Y Led 

5,120 

Y Lcdingham 

20 

Y Lcdingham 

40,960 


L-Hl 

E. Led 

40,900 

80 

E. Lcdingham 

20 

E. Lcdingham 

40,960 

L-Hl . 

PB24 

160 

PB24 

20 

PB24 

40,960 


KK 

5,120 

Karim Kahn 

20 

Karim Kahn 

5,120 


Y Led 

160 

Y Lcdingham 

20 

Y Lcdingham 

40,960 


half, one-quarter and one-eighth titre. Karim Kahn, which 
agglutinated at one-quarter titre, proved to be the most active 
absorber. 
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The L-Hl serum reacted significantly with only one of the 
Flexner antigens. Karim Kahn agglutinated at one-eighth titre, 
and when used to absorb the serum reduced the titre for the 
homologous E. coli to a like level. 

The remaining eight sera reveal a close antigenic relationship 
between the homologous B. coli and the E. Ledingham (Sonne) 
bacillus. There is a less close relationship with the three Ele.vner 
strains (table 9). Each strain of E. coli was hemol 3 i:ic and each 
produced a serum with titre of 40,960. 

Six of these coli sera agglutinated E. Ledingham to full titre. 
Absorption of these six sera by E. Ledingham completely removed 
the homologous E. coli agglutinins. The A-H6 and L-H2 sera 
agglutinated E. Ledingham to one-half titre. This organism 
completely absorbed the homologous agglutinins from both sera. 

The Flexner organisms were not strongly agglutinated by these 
coli anti-sera. In one instance the titre reached 5,120, in three 
2,560, and in four 1,280. Despite this they exhibited some 
capacity to absorb the homologous coli agglutinins. 

The homologous coli titre of MI-H6 serum was reduced fifty 
per cent after absorption with PB24. Absorption of VC-H3 
serum by Y Ledingham reduced the homologous titre seventy- 
five per cent, even though this strain of S. dysenieriae agglutinated 
very weakly. Similarly, Karim Kahn and Y Ledingham re- 
moved seventy-five per cent of the homologous agglutinins from 
S-H6 serum. The T-Hl homologous titre was similarly reduced 
by PB24. Y Ledingham reduced the titre of G-H2 serum 
seventy-five per cent and PB24 fifty per cent. The A-H6 
homologous titre was reduced seventy-five per cent after ab- 
sorption by each of the three Flexner strains. The titre of the 
L-H2 serum was reduced fifty per cent by absorption udth 
y Ledingham. The titre of one serum, W-H12, was unaltered 
after absorption by the Flexner strains, 

SUilMAKT 

The agglutination and absorption studies with patients’ serum 
yielded evidence suggesting an immunological relationship be- 
tween strains of E. coli and the type strains of S. dysentenae. 



Aaglulination litres— S. dyscnlcriac vs. E. colt sera 





ftRnvM AiiBom^r.D with 
p. DVPLNTrniAi: vn. 

6. ©TflrNTEniAH 

REllUM ATlBOnnEP WITH 

R. DYflr.NTnnlAE Vfl. 
IIO&lOLOaoUS E. COLt 

r. COLT BnnuM 

TrrnrR tJNArsonncD 
RHIIUM 

Abiorblnc 

orcanism 

Final 

tttro 

corro- 

upond- 

inRor- 

RaniBm 

AbsorbinK 

OrRaniam 

Finnl 

IHrolor 

homolo- 

gous 

E. coli 

■ 

E. Led 

40,000 

40,9G0 

E. Ledinglmm 

■ 

E. Ledingham 

20 

MI-IIG • 

PL21 

2,BG0 

PB21 


PB24 

20,480 


KK 

320 

Knrim Kahn 

20 

ICnrim Kahn 

40,960 


Y Led 

G40 

Y Ledinglmm 

20 

Y Ledinglmm 

40,960 

' 

VC-H3 
E. Led 

40,000 

40,9G0 

E. Ledinglmm 

20 

E. Ledinglmm 

20 

VC-H3 

PB24 

IGO 

PB24 

20 

PB24 

40,960 


KK 

GIO 

Knrim Kahn 

20 

Karim Kahn 

40,960 


Y Led 

320 

Y Ledinglmm 

20 

Y Ledinglmm 

10,240 

’ 

S-HG 

E. Led 

40,9G0 

40,900 

E. Ledinglmm 

20 

E. Ledingham 

20 

S-H6 

PB24 

320 

PB24 

20 

PB24 

40,960 


KK 

G40 

Karim Kahn 

20 

Karim Kahn 

10,240 

. 

YLcd 

G40 

Y Ledinglmm 

20 

Y Ledingham 

10,240 

' 

T-Hl 

E. Led 

40,9G0 

40,960 

E. Ledinglmm 

20 

E. Ledingham 

20 

T-Hl 

PB24 

1,280 

PB24 

20 

PB24 

10,240 


KK 

5,120 

Knrim Kahn 

20 

Karim Kahn 

40,960 


YLed 

1,280 

Y Ledinglmm 

20 

Y Ledingham 

40,960 

’ 

W-H12 
E. Led 

40,9C0 

40,960 

E. Ledingham 

20 

E. Ledingham 

20 

W-H12 • 

PB24 

160 

PB24 

20 

PB24 

40,960 


KK 

1,280 

Karim Kahn 

20 

Knrim Kahn 

40,960 


YLcd 

640 

Y Ledingham 

20 

Y Ledingham 

40,960 

' 

G-H2 

E. Led 

40,960 

40,960 

E. Ledingham 

20 

E. Ledingham 

20 

G-H2 

PB24 

640 

PB24 

20 

PB24 

20,480 


KK 

640 

Karim Kahn 

20 

Karim Kahn 

40,960 


Y Led 

320 

Y Ledingham 

20 

Y Ledingham 

10,240 


A-HG 

E. Led 

40,960 

20,480 

E. Ledingham 

20 

E. Ledingham 

20 

A-H6 

PB24 

1,280 

PB24 

20 

PB24 

10,240 


KK 

2,560 

Karim Kahn 

20 

Karim Kahn 

10,240 


Y Led 

L-H2 

E. Led 

2,560 

Y Ledingham 

20 

Y Ledingham 

10,240 


40,960 

20,480 

E. Ledingham 

20 . 

E. Ledingham 

20 

L-H2 • 

PB24 

320 

PB24 

20 

PB24 

40,960 


KK 

640 

Karim Kahn 

20 

Karim Kahn 

40,960 


YLed 

640 

Y Ledingham 

20 

Y Ledingham 20,480 
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Absorption of nine of these sera by the corresponding strain of 
E. coli, in each instance, completely removed agglutinins for the 
latter and for one or more of the S. dysenteriae strains as veil. 
Conversely, in the five sera studied, absorption by S. dyscntarioc 
removed both the dysentery and the coli agglutinins. Since it 
was impossible to titrate the absorbing doses due to insufficient 
serum, over-abs6rption may have been a factor in determining 
these results. The frequency with which agglutinins for only 
one of the antigens was affected renders this improbable. 

Additional evidence of antigenic relationship was obtained from 
the studies using monovalent dysentery anti-sera. All thirteen 
strains of E. coli agglutinated to varying titre in these sera. 
Absorption by the homologous antigen removed both the homolo- 
gous dysentery and the heterologous coli agglutinins. Ab- 
sorption with the individual straius of E. coli removed the 
corresponding coli agglutinins and reduced the homologous titre 
of the sera in varjdng degree. 

Seven of the strains of E. coli, agglutinating in the unabsorbed 
PB24 serum, reduced the homologous titre after absorption by 
fifty per cent or more. This points to an antigenic component 
common to these strains of E, coli and the PB24 S. dysenteriae. 
The six strains which were agglutinated by the PB24 serum but 
failed to absorb the homologous agglutinins lack this common 
factor. Their agglutination, therefore, must be regarded as 
non-specific. 

Eight of the coli strains agglutinated in unabsorbed Karim 
Kahn serum, and, when used to absorb the serum, reduced the 
homologous titre by fifty per cent or more. Five strains failed 
to absorb the homologous dysentery agglutinins and must, there- 
fore, be considered antigenically unrelated to the Karim Kahn 
Flexner bacillus. Agglutination of these organisms by this serum 
must be classed as non-specific. 

Nine of the E. coli strains, agglutinating in the unabsorbed 
Y Ledingham serum, when used to absorb this serum reduced the 
homologous titre by fifty per cent or more. Four failed to 
absorb the dysenterj'- agglutinins and are therefore unrelated to 
the Y Ledingham Flexner bacillus. Agglutination of these or- 
ganisms in this serum is consequently non-specific. 
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The results obtained with the E. Ledingham (Sonne) serum 
were striking. Six of the strains of E. coli agglutinated at full 
titre and completely absorbed the dysentery agglutinins. Two 
other strains, agglutinating at lower dilutions, likewise com- 
pletely absorbed the homologous agglutinins. The remaining 
five strains, although agglutinating only in low dilutions, reduced 
the homologous serum titre by fifty per -cent or more. These 
observations, therefore, point to agglutinogenic identity of six 
strains of E. coli and the E. Ledingham (Sonne) bacillus. The 
remaining seven strains appear to be closely related. 

Confirmatory data were obtained from the studies of the 
thirteen monovalent anti-coli sera. The strains of E. coli fall 
into two groups, one unrelated to, and the second closely related 
to, if not antigenically identical with, the E. Ledingham (Sonne) 
bacillus. 

The first group comprises five sera, none of which agglutinated 
E. Ledingham in high dilutions. Absorption of these sera with 
E. Ledingham in only one instance reduced the homologous coli 
titre by fifty per cent. The Flexner strains gave varying reac- 
tions. PB24 agglutinated to the full titre of the S-NH serum 
and completely removed the homologous coli agglutinins. The 
remaining four coli sera agglutinated the Flexner strains in lower 
dilutions. Absorption with one or more of these strains reduced 
the homologous titre of each serum by fifty per cent or more. 
These observations indicate an antigenic relationship, identical in 
one instance and close in a second, between the Flexner strains of 
S. dysenteriae and the five strains of E. coli comprising Group 1. 
It is interesting to note that non-specific agglutination of a 
Flexner bacillus may reach one-eighth of the titre of a monovalent 
coli anti-serum. 

The behavior of the S. dysenteriae antigens in the eight mono- 
valent coli sera comprising Group 2 points to agglutinogenic 
identity of the E. Ledingham (Sonne), and six of the strains of 
E. coli, and to a close relationship with two of the others. De- 
spite the low titre agglutinations of the Flexner strains in these 
sera, the agglutinin absorption reactions noted indicate a serologic 
relationship between our Flexner antigens and seven of the strains 
of E. coli which may be of significance. 
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Comparison of the agglutination and agglutinin absorption 
activity of the four strains of S. dysenteriae and the thirteen 
strains of E. coli in the monovalent dj''senter 3 ' antisera and in 
the monovalent coli antisera reveals significant findings (table 10). 
These are not in exact conformity with the data obtained by the 
sera singl 5 ^ Reciprocal agglutination and reciprocal absorption 
in the dysentery and the coli antisera demonstrate antigenic 
identity between E. Ledingham (Sonne) and five strains of 
B. coli. There is a close relationship with four additional coli 
strains. 

TABLE 10 


Evidence of relationship between E. coli and S. dysenteriae from reciprocal agglu 
tination and reciprocal absorption experiments 
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No such e\'idence of identity was found between the Fle.xner 
strains and the E. coli. Partial agglutination in the sera and 
significant reduction of homologous agglutinin litres after ab- 
sorption was observed. Similar findings in both the coli and t ic 
dysentery antisera indicate a serologic relationship between six 
strains of E. coli and PB24 Flexner, Six coli strains likewise 
appear to be related to Karim Kahn Flexner, and slx to i 

Ledingham Flexner. 
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Five of the strains of E. coli are related to only one of the 
(S. dyscntcriac strains. Three of the coli are related to two of the 
strains of S. dyscntcriae, four are related to three of the S. dysen- 
ieriae strains, and one, A-H6, is related to all. 

DISCUSSION 

Four possible explanations may be advanced to account for 
these immunological cross-relationships between Shigella dysen- 
teriae and Escherichia coli. They may represent a major and 
minor agglutinin phenomenon dependent upon non-specific group 
agglutinins. They may be regarded as an instance of parag- 
glutination. Unrecognized “R” dissociation of the cultures may 
have occurred with resultant development of common rough 
somatic antigens. A true antigenic relationship may exist. 

Complete removal of both homologous and heterologous 
agglutinins by absorption of the monovalent rabbit sera with 
their homologous antigens suggests a simple major and minor 
agglutinin phenomenon. Heterologous absorption, however, 
presents strong evidence of a fundamental agglutinogenic simi- 
larity. Moreover, the use of li\dng antigens to absorb the sera 
insures maximal removal of both major and minor agglutinins. 
The use of formolized antigens for the agglutination reactions 
minimizes non-specific group agglutination. 

The phenomenon of paragglutination is characterized by the 
agglutination of organisms other than the known etiologic agent 
in the serum of an infected individual. The Weil-Felix reaction 
in typhus fever is a classic example. As previously noted, various 
workers have observed that certain strains of Escherichia coli 
recovered from dysentery patients may be agglutinated in mono- 
valent dysentery anti-sera. Two explanations of this phe- 
nomenon have been advanced. It is postulated that close 
association of Escherichia coli and Shigella dysenteriae within the 
patients intestinal tract alters the receptor apparatus of the 
Escherichia coli to resemble that of the Shigella dysenteriae. 
Arkwright (1931), however, considers that paragglutination is due 
to the presence of similar or identical “R” antigens. 

The agglutinogenic cross-relationships which we have ob- 
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served might be classed as instances of paragglutination. This 
seems unlikelj^ if that phenomenon, in fact, is dependent upon 
alteration of receptor apparatus. The strains of Escherichia coli 
which we have examined were obtained from patients who never 
afforded cultural evidence of infection by Shigella dtjscnteriae 
despite repeated examination. 

There remains the possibility that similar or identical “R” 
antigens may be present in the strains which we have been 
investigating. It is recognized that colony inspection and failure 
to flocculate in 0.85 per cent sodium chloride solution do not 
constitute positive proof of a pure “S” phase. The possibility of 
common “R” agglutinins has been avoided as carefully as present 
methods pennit. None the less, partial “R” dissociation may 
have occurred and may account for the cross-relationships 
observed. 

The general uniformity of results obtained by reciprocal 
agglutination and reciprocal absorption in the human sera, in the 
monovalent dysentery anti-sera, and in the monovalent coli 
antisera are strongly suggestive of a fundamental antigenic 
relationship between strains of S. dysenteriae and E. coli. Ag- 
glutination to full titre of a known monovalent anti-serum, and 
complete absorption of the homologous agglutinins of such a 
serum are commonly accepted as proof of antigenic identity of 
an unknown organism and the antigen used to produce the 
serum. Recognition of less close degrees of relationship is based 
upon partial agglutination and less complete absorption of 
homologous agglutinins. Judged by these criteria, subject to the 
potential error of unrecognized partial “R” dissociation, a true 
antigenic relationship exists between the four strains of Shigella 
dysenteriae and the thirteen strains of Escherichia coli studied. 

The coli strains do not appear to be identical. Eight strains 
were non-motile. Ten were hemolytic on rabbit blood agar. 
Their respective immimological relationships will be reported 
subsequently. 

We have previously called attention to the necessity for 
caution in the interpretation of the agglutination reaction for 
S. dysenteriae in chronic inflammatory disease of the colon. The 
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studies here presented give added emphasis. They demonstrate 
that strains of Escherichia coli recovered from such patients may 
give rise to relatively high titre agglutinins for strains of S. 
dyscnicriac Sonne and Flexner. This leads inescapably to the 
conclusion that a positive agglutination reaction with these or- 
ganisms does not constitute proof of homologous infection. 
Certain diagnosis of bacillary dysentery, therefore, rests upon, 
and only upon, recovery of S. dyscnleriac on culture. 

CONCLUSIONS 

1. A close agglutinogenic relationship exists between certain 
strains of Escherichia coli and Shigella dyscnleriac Sonne and 
Flexner. 

2. The relationship between the strains of Escherichia coli and 
Shigella dysenteriae Sonne is closer than that between Escherichia 
coli and Shigella dyscnleriac Flexner. 

3. This relationship is such as to produce high titre heterolo- 
gous agglutinins in the experimental animal. 

4. These observations demonstrate that the agglutination 
reaction, unsupported by confirmatory bacteriologic evidence, 
does not constitute valid proof of infection by Shigella dysenteriae 
Sonne and Flexner. 

5. The diagnosis of bacillary dysentery can be substantiated 
only by recovery of the organism. 
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During the past few years some investigators have ascribed to 
lactobacilli a definite r61e in the production of dental caries. A 
few have concluded from their studies that these lactobacilli 
were Laclobacilhts acidophilus species, identical with those of 
intestinal origin, for example, Bunting (1937) states: . . dental 
caries is a specific bacterial disease and the specific organism in- 
volved is L. acidophilus.” The principal exponents of these views 
include Howe and Hatch (1917), Rodriguez (1922), Bunting 
and Palmerlee (1925), Rosebury, Linton, and Buchbinder (1929), 
Ho\sitt and van Meter (1930), Hadley (1933), Johnston, Williams, 
Anderson, Tisadall and Kaake (1936), Bunting (1937), and 
Jay (1937), 

Other investigators are diametrically opposed to the foregoing 
claims as evidenced by many publications. Morishita (1929), 
Rettger (1932), Weinstein, Anderson and Rettger (1933), and 
Rettger, Levy, Weinstein and Weiss (1935), have concluded 
from their studies that the oral and intestinal strains of lacto- 
bacilli are distinctly separate groups of organisms, and they have 
not been able to demonstrate a strilcing correlation between the 
occurrence of caries and the presence of L. acidophilus. 

In view of these contradictory opinions and since reported 

' Based on a portion of the thesis submitted by the senior author to the Grad- 
uate School of the University of Maryland in partial fulfillment of the require- 
ments for the degree of Master of Science. 

2 Present address, Department of Bacteriology, State University of Iowa, 
Iowa City. 
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results indicate that cultural, morphological, biochemical and 
serological characteristics afford a poor basis for differentiation 
of these lactobacilli, the present investigation was undertaken 
to^ determine whether the organisms of either oral or intestinal 
origin differed in their abilit3f to become implanted in the in- 
testinal tract of white rats. 

EXPERIMENTAL 

Methods 

Cultures — type and source. A. Oral or dental strains: Nos. 14, 
18, and 19 were obtained from L. F. Rettger, labelled Ss, Flynn, 
and Rosebury respectively. Nos. 60, 61, 94, and 97 were ob- 
tained from H. R. Curran.® All of these cultures were of the 
smooth (Y) tj'pe. B. Intestinal strains: No. 64 was obtained 
from Curran, originally isolated from acidophilus milk, nos. 
15 and 20 from Rettger,^ and nos. 1 and 9 from R. P. Mej^ers. 
All of these were rough (X), filamentous colonj’' types. Nos. 
10 and 12 were received from J. M. Sherman, K from C. W. Eng- 
land, and K4y from N. Kopeloff. These were smooth (Y) 
intestinal types. C. Lactobacillus bulgaricus: Onl}'- one culture 
was used. This was obtained from Sherman, originally from 
Rettger. 

Preparation of milk culture. The milk culture used for feeding 
was prepared by the inoculation of skimmed milk, sterilized bj' 
autoclaving. Cultures used for inoculum in the preparation 
of the fermented milk and for daily feeding were fort>'-eight hours 
old. Plate counts were made of each fermented milk several 
times during the course of this work and with but two exceptions 
these indicated that the \’iable organisms in each preparation 
were several hundred million per cc. 

Animals and diet. The implantation of the organisms was 
determined by feeding experiments conducted with male and 
female albino rats. Before use in the experiments the rats were 
maintained on a ration of commercial dog pellets which kept them 

> Originally from Enright, his nos. 144 and 42, the Morishita collection no. 13, 

and Kulp, his S b, respectively. 

‘ The Wickerham and Cohen starter strains respectively. 
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in an apparently healthy condition. Two weeks previous to the 
administration of a culture, each rat was placed in a separate cage 
and fed solely upon 10 grams of ground beef daily in addition to 
water. At the end of the two-w'eek period, the intestinal flora, 
as determined by microscopic examination of gram-stained smears 
and plate cultures from fecal specimens, was composed almost 
entirely of gram-negative bacteria. After this period, the rats 
were fed approximately 5 cc. of the lactobacilli preparations daily 
(one strain for each rat), in addition to the ground beef. As 
controls one rat was fed meat only, and another rat 5 cc. of sterile 
skimmed millc daily in addition to meat. The feeding continued 
for three weeks, after which five of seventeen rats were sacrificed 
for bacteriological examination of intestinal contents (table 2). 
The remaining rats were then fed a diet of meat (10 grams), 
sterile skimmed milk (5 cc.), and lactose (1 gi-am) for two weeks 
during which time fecal examinations were made. 

Collection of feces and intestinal contents. Fecal specimens 
were collected regularly at three-day intervals while feeding 
cultures, and after 3, 6 and 14 days during lactose feeding. Speci- 
mens were collected as nearly as possible under aseptic conditions 
into sterile petri dishes. 

The entire intestinal tract was removed from each rat sacrificed, 
sections selected from the duodenum, ileum, caecum, and colon, 
and the contents ejected into a sterile 9 cc. physiological saline 
dilution blank. 

Bacteriological examination. A portion of each fecal speci- 
men, approximately one-fourth of a gram, was disintegrated into 
a uniform suspension in 9 cc. of sterile physiological saline. The 
collection of intestinal specimens in 9 cc. blanks sufficed for the 
initial dilution. Smears were made from these original suspen- 
sions and gram-stained, and further dilutions of 1 : 1,000, 1 ; 10,000, 
and 1 : 1,000,000 were prepared for plating. While the dilutions 
were not exactly quantitative (since the original sample was 
approximate) this did not interfere with the results inasmuch as 
determination of the number of bacteria per gram of feces was 
not attempted. Identification of L. acidophilus, and determina- 
tion of its approximate percentage of the total bacterial flora 
were the primary objectives. 
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The plating medium used was that suggested by Rettger c! al 
(1935) composed of tomato juice, peptonized milk, neopeptonc, 
and 3^east extract. All plates were incubated in an atmosphere 
of 10 per cent carbon dioxide at 37°C. for 3-5 daj's. Following 
incubation, the plates containing the most suitable number of 
colom'es for examination were selected for further study. By 
means of a dissecting microscope the various colonj' t 3 Ties were 
examined and their description recorded, together with t }}0 
approximate percentage of each t^rpe. Gram stains were made 
of each colony type, and tubes of litmus milk were inoculated 
from colonies resembling those of lactobacilli. Litmus milk 
tubes showing reactions characteristic of the lactobacilli were 
held for identification studies. Sometimes it required several 
transfers before a typical reaction occurred. Tubes in which 
curdling and reduction of litmus milk did not occur were dis- 
carded. 

Identification of cultures. It was not our aim to make a de- 
tailed study of the cultural and biochemical characteristics of all 
strains employed. Our primary objective was to determine a few 
characteristics of each strain before implantation and then 
repeat these same tests upon addopMlus-like organisms which 
were isolated from the feces. In this manner we could determine 
whether the recovered organism was the same one which was 
being administered orally. For this purpose the morphology, 
colonial characteristics, ability to ferment maltose, mannitol, 
sucrose and raffinose, and the phenol resistance of each original 
strain, as well as of all isolated strains, were recorded. Lipotytic 
activity, although not determined in this study, has been sug- 
gested for differentiation of closely related strains of lactobacilli, 
and Sabine (1937) indicated that this was i^aluable in clinical 
work to demonstrate that recovered strains were identical to 
administered strains. 

Fermentation studies were carried out in precisely the same 
manner described b 3 ’' Curran, Rogers, and Whittier (1933) e.xcept 
that a proteose-peptone yeast-extract broth was used as a basic 
medium instead of casein-digest broth. In preliminaiy experi- 
ments this proteose-peptone >'east-e.xtract broth was shown capable 
of supporting good growth of both oral and intestinal strains of 
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laclobacilli. Its use was advantageous, both in simplicity of 
preparation and in uniformity of composition of different batches 
of medium, which may be variable with casein-digest broth. 
Phenol tolerance was determined as described by Kulp (1929) 
and employed by Curran, Rogers and Whittier, except that agar 
shake cultures were substituted for plate cultures. 

Results 

An example of the detailed manner in which all fecal specimens 
were examined is given in table 1, such results being recorded 
for each rat used. Although the examination of the stained 
smears of fecal specimens along with plating and macroscopic 
and microscopic examination of resulting colonies were useful 
in foUovnng the change in fecal flora, we were interested primarily 
only in identification of lactobacilU strains. Table 1 also illus- 
trates the detailed plan used in partially identifying lactobacilli 
recovered after implantation, some additional characteristics used 
for this purpose being Usted in table 3. This is mentioned, par- 
ticularly, since it is our opinion that the process of identifying 
lactobacilli in some earlier studies of implantation may have been 
done hastily and perhaps inadequately. 

A summary of the percentages of lactobacilli present in each 
specimen examined by the above-mentioned procedure is given 
in table 2. It will be noted that two figures are given for each 
analysis, the first indicating the entire Lactobacillus content of 
the feces irrespective of type, while the second percentage refers 
to the type administered to that particular animal, as determined 
by certain characteristics apparently of value in differentiation 
as summarized in table 3. 

Controls. The rat (no. 2) subsisting on the basic diet (10 
grams of ground beef) had a fecal flora in which gram-negative 
organisms predominated. Lactobacilli could not be isolated by 
cultural methods. Rat 1 which received 5 cc. of sterile skimmed 
milk in addition to ground beef yielded lactobaciUi in the feces 
after two weeks, and later, when the animal received lactose, 
these organisms were predominant, almost to the exclusion of 
all other types. 

Oral strains. Rats fed oral strains of lactobacilli and the one 



Typical results o! microscopic and cultural examination of fecal specimens from a white rat receiving L. acidophilus culture 
Rat 13. Culture 1 (intestinal (X) strain). Diet 10 grams beef + 5 cc. of mtlk culture 
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Subsurface filamentous 

Surface and subsurface 
circular, elliptical 

Surface and subsurface 
circular, elliptical 

Subsurface filamentous; 
surface, circular, 

large 

Surface and subsurface 
circular and elliptical 

Surface, circular, moist; 
subsurface filamen- 
tous 

Long, thin-single, pairs, 
chains 

Short-single, chains 
Single, pairs (large) 

Short-single 

Long, thin-single, pairs, 
chains 

Short-single, chains 

Single, pairs 

Long, thin-single, short 
chains 

Shorksingle, short 

chains 

Large-single, pairs 

Short-single and short 
chains 

Long, thin-single, short 
chains 

Large-single, pairs, 

short-single (very 
few) 

Short-single, short 

chain 

Long, thin-single, pairs 
Large-single, pairs 
Short-single 

-k rod 

-k rod 
-k cocci 

— rod 

-k rod 

-k rod 

-k cocci 

-k rod 

-k rod 

-k cocci 

-k rod 

-k rod 

-k cocci 

-k rod 

-k rod 
-k cocci 
— rod 

CO 

21* 


27 

35 


L. A. Percentage of L. acidophilus of the strain present in the milk culture administered. 

* Last day of administration of milk culture — L. acidophilus feeding replaced by 5 cc. of sterile skimmed milk and one 
gram of lactose. 
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rat recemng a culture of L. bidgariciis exhibited the same char- 
acteristic trend with respect to intestinal transformation. In 
each case, without exception, lactobacilli predominated after 
the first few days of feeding. However, the lactobacilli which 
were isolated from these rats differed slightly in their colonial 
characteristics from the strains which w^ere being fed. In addi- 
tions, the same organism appeared in the feces of the rat receiving 
L. bulgaricus and a control rat receiving sterile skimmed milk. 
This made it evident that the recovered organisms were not the 
oral strains bemg fed to the rats, but instead, some other lacto- 
bacilli, apparently a rat strain initially present in the intestinal 
tract and stimulated by milk in the diet. As will be shown later, 
by comparing the cultural and physiological characteristics of 
the organisms fed and isolated, we were able to conclude that the 
oral strains were not present in the feces. Similarly L. bulgaricus, 
was never recovered from the feces of the rat receiving this cul- 
ture. At the end of three weeks, when lactobacilli culture 
feeding ceased, and the diet of five rats of this group consisted 
of ground beef, sterile skimmed milk, and one gram of lactose, 
there was practically no change in the intestinal flora of those 
rats which had previously received lactobacilli cultures. The 
control rat (no. 1) which had been fed meat and sterile skimmed 
milk, and now received lactose in addition, yielded a marked 
increase of lactobacilli. 

The remaining five rats of this group, the one fed ground beef, 
the one fed L. bulgaricus, and three which had received oral 
strains of lactobacilli were sacrificed. Upon examination of 
specimens from the duodenum, ileum, caecum and colon of 
each animal, organisms of the original strains could not be isolated 
although lactobacilli, apparently rat strains and identical with 
those found in previous examinations of the feces were recovered. 
With the exception of duodenal specimens where organisms were 
relatively scarce and in one case absent, bacteriological examina- 
tions of sections of the intestinal tract of sacrificed animals 
yielded the same results as those reported from examinations of 
the feces of five animals. 

Intestinal strains. With one exception (culture 64) the rough 
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intestinal organisms were recovered from the corresponding rats 
to which they were fed. Apart from the one exception, the 
rough strains appeared in feces in great numbers after the first 
few days of feeding almost to the exclusion of all other bacteria. 
The smooth strains did not show such predominance, although 
in most cases after two weeks of feeding they constituted the 
majority of the bacteria present. Lactobacilli of the tj^pe isolated 
from rats receiving oral strains were also isolated. As can be 
seen from table 2, the intestinal flora of each rat in the group 
receiving intestinal strains of L. acidophilus was comprised almost 
entirely of lactobacilli, including both the administered intestinal 
strain and the rat strain apparently initiall}’- present in the in- 
testinal tract. When L. acidophilus culture feeding was replaced 
by lactose and sterile skimmed milk there was a gradual dis- 
appearance of the strain which had been administered, with a 
gradual increase of the rat intestinal type. After two weeks 
without culture feeding the smooth intestinal strains which 
had been fed were no longer present in the feces, while the rough 
strains, with the exception mentioned previously (culture 64), 
were present to a very small extent. In each instance after 
cessation of culture feeding the rat intestinal type of lactobacilli 
eventually predominated over the strains fed. 

Cultural characteristics. The morphology of all organisms 
varied considerably, which is characteristic of the Lactobacillus 
genus. Some of the rods were extremely short having the ap- 
pearance of ovoid cells while others were slender and long, appear- 
ing single, in pairs and in chains. The rat strains of lactobacilli 
isolated were nearly always short to medimn sized rods. Colonies 
of smooth intestinal and smooth oral types could not be differ- 
entiated. The rat strains also produced colonies which were 
smooth, but more dense, white, smaller, and always had an entire 
edge, while colonies of the rough intestinal strains were extremely 
filamentous. All strains reduced and curdled litmus milk after 
24 or 48 hours. All strains of the oral and intestinal groups fer- 
mented maltose, sucrose (with one exception) and mannitol 
(with two exceptions). These exceptions occurred among the 
oral strains. The reaction on raffinose wns variable. Those 
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TABLE 3 

Certain cxiUural atxd biochemical characlcrislics of strains of Laclohacilli fed and 
strains isolated from the feces of albino rats 
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strains isolated which were of rat origin fermented sucrose and 
mannitol with only one exception while the reaction on maltose 
and raffinose was variable. Intestinal strains were much more 
tolerant to phenol than the oral strains, being able to mitiatc 
growth in concentrations of 1:400 or greater. Strains of rat 
origin, although not as resistant to phenol as the stock intestinal 
strains, were slightlj^' more tolerant than the oral strains used. 

These cultural characteristics are presented in detail in table 
3, wherein the characteristics of the strain administered orally 
is compared to those of acidophihts-like organisms found in the 
feces of the same rat. In this waj' it could be ascertained whether 
the organism isolated from the feces of a particular rat was the 
same one which had been fed to that rat. 

As already shown, fermentation reactions alone were inade- 
quate for classification of the strains but they were of real value, 
along with cultural and other characters, in determining the 
characteristics of a known strain before implantation. By 
repetition of these tests upon organisms isolated after culture 
feeding we could determine with considerable certainty whether 
or not the recovered organisms were identical with those ad- 
ministered. Colonies of the rat strains (always smooth) did 
differ in size, color and contour from the smooth human t}T)CS 
and we believe the constancy of these characteristics and the 
appearance of the organisms in control rats, along with the 
fermentation reactions described above, warrant designation of 
these lactobacilli as rat strains. 

DISCUSSION 

The implantation of L. acidophilus m the intestinal tract of 
man and rats has been repeatedly demonstrated. Since results 
of the present investigation show that none of the oral strains 
used were implantable it seems that some differences must exist 
between the lactobacilli of oral and intestinal origin. This is 
in accord with the results of Rettger and associates, Curran, 
Rogers and Whittier, and UUeny, who have reported differences 
between these two groups with respect to cultural characteristics, 
type of lactic acid produced, and the quantitative utilization 
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of lactose, respectively, but different from the conclusions of 
those who maintain that both groups are comprised of the same 
organisms. Considering the many similarities which exist be- 
tween the oral and intestinal lactobacilli and the fact that many 
of the differences are quantitative in nature, we would be inclined 
to class the oral strains as atj’pical species and not the true 
central tjqie, L. acidophihis. WTiile no studies were made of 
these organisms from the standpoint of the etiolog}'’ of dental 
caries, we are inclined to be of the same opinion as Rettger, Levy, 
Weinstein, and Weiss who maintain that there is still a lack 
of sufficient evidence to show that the intestinal tjqies are of 
significance in dental caries. 

The failure to implant one of the intestinal strains (64) is 
significant but not necessarilj' surprising. Except for the in- 
ability of this organism to become established in the intestinal 
tract of rats, its characteristics conformed to those of other 
strains of L. acidophihis which w'ere implanted. This is sig- 
nificant in view of the similarity between the two species, L. 
acidophilus and L. bulgaricus, the latter considered not implant- 
able. Although some have separated these species on the basis 
of maltose fermentation, the recent work of Curran and associates 
hardly substantiates such a separation. Recently Kopeloff and 
Kopeloff (1937) reported that R forms of both L. acidophilus 
and L. bulgaricus produce inactive lactic acid, while the smooth 
types of both produce dextro-rotary acid. Admitting the in- 
timate relationship between these organisms, it is questionable 
whether our culture no. 64 should be considered an atypical 
strain of L. acidophilus or whether it belongs to the L. bulgaricus 
species. Perhaps organisms described as L. bulgaricus may be 
in reality unhnplantable L. acidophilus. We are of the opinion 
that culture no. 64 is an atypical strain of L. acidophilus inasmuch 
as with other bacteria it is not unusual to find one species of a 
group deviate so from the central or typical type. 

The appearance in the feces of lactobacilli of a type other than 
those fed was to be expected since they may be normal inhabitants 
of the intestinal tract, their predominance depending upon the 
composition of the diet. Porter, Weinstein, and Rettger (1938) 
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in an investigation to ascertain the bacterial flora of the stomach, 
segments of the small intestine and cecum of white rats, found 
lactobacilli present in large numbers throughout. Eppright, 
Valley and Smith (1937) have sho\^^l that salts of calcium and 
phosphorus, in addition to carbohydrates, were essential for 
the maintenance of an aciduric flora. Since milk contains all 
of these we would expect it to favor the development of those 
aciduric organisms aheady present as well as those which wore 
being fed, pro\’iding the organisms were implantable, and this 
appeared to occiu in our experiments. However, acidophilus 
milk was much more effective than sterile skimmed milk in in- 
creasing the nmnber of those aciduric organisms originally present 
in the intestinal tract. 

VTiether the aciduric organisms isolated from rats should be 
classified as Lactobacillus acidophibis or Lactobacillus bifidus is 
another debatable question. Rettger and others have reported 
isolation and identification of both L. acidophilus and L. bifidus 
from rat feces. Other than differences in carbohydrate reactions 
which are of questionable value for separating members of this 
genus, the organisms isolated in our study were very much like 
the smooth (Y) type of L. acidophilus and hence we have desig- 
nated them as such. Possibly some could have been placed in 
the so called L. bifidus groups, except that results already pub- 
lished may not warrant the establishment of two distinct species 
for organisms so closel}’- related. Weiss and Rettger (1934) 
(1938) have emphasized the similarity of these organisms and 
suggest that L. bifidus from breast-fed infants and rats be con- 
sidered a variant of the species L. acidophilus. 

Another point of interest is the possible significance of aciduric 
organisms normally present in the intestinal tract. Since these 
species may be made to predominate by regulation of the diet 
it would seem that when they are present it might be superfluous 
to administer other foreign aciduric bacteria. However, in 
these studies the administration of L. acidophilus milk possessed 
a distinct advantage over sterile milk in stimulating the normal 

aciduric flora. i r 

Finally, this investigation emphasizes the need for a method ot 
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examining commercial acidophilus preparations beyond mere 
identification of organisms. Our results indicate that there may 
exist rough (X) types of L. acidophilus which are not implantable 
in white rats, although they are typical in all other respects. 
This is in agreement with other investigations which have in- 
dicated that some strains of L. acidophilus vary in their ability 
to become acclimated to the intestinal tract. Hence, it seems 
that the important features of an analytical procedure for acid- 
ophilus preparations should be to estabhsh the identity of the 
organisms and to determine their implantation. 

SUMMARY AND CONCLUSIONS 

Of the seven oral or dental strains of lactobacilli employed, 
none were implantable in the intestinal tract of white rats by 
the procedure used. On the other hand, four of five rough 
intestinal strains and all of the five smooth intestinal strains 
were implantable. 

Rough intestinal Laclobacillus acidophilus organisms (with the 
exception of one strain) were more readily implanted and per- 
sisted for a longer time following the cessation of feeding the 
organisms than did smooth strains. The one culture of Lacto- 
bacillus bulgaricus used was not implantable which is in accord 
with previous studies. 

With the exception of the duodenal contents, which contained 
relatively few organisms, other specimens from sections of the 
intestinal tract of the animals sacrificed gave results upon micro- 
scopic examination and cultivation similar to those obtained with 
fecal samples. 

Fermentation of sucrose, maltose and raflmose by intestinal 
strains, sucrose and maltose by dental strains and sucrose and 
mannitol by rat strains occurred with few exceptions. The 
remaining fermentation reactions were irregular and, thus, fer- 
mentation reactions alone could not be used for separation of 
strains into groups, although in individual instances fermentation 
results aided in identification of a given strain. The intestinal 
strains exhibited a slightly higher tolerance to phenol than did 
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the dental strains, and this was the only biochemical characteristic 
used which correlated with the results on implantation. 

Lactobacilli, apparently rat strams of Lactobacillus acidophilus, 
were isolated from each rat receiving lactobacilU milk cultures as 
well as from a control rat receiving sterile skimmed milk. This 
emphasizes the necessity of controlling implantation experiments 
adequately to insure that the strain isolated is actually the 
strain administered, especially w^hen smooth strams of lacto- 
bacilli are employed. 

The results emphasize the errors that are likely to occur in 
identifying aciduric organisms from the oral cavity as Lacto- 
bacillus acidophilus. Biochemical differences between intestinal 
and oral strains have been shown to exist by other investigations, 
while this work points out the inability of the oral strains studied 
to become implanted in the intestinal tract of rats. Such evi- 
dence may not justify designation of oral strains of aciduric 
organisms as Lactobacillus acidophihis since implantation is a 
generally accepted characteristic of this species. 

The results also indicate the need for improved methods of 
examining Lactobacillus acidophilus preparations to include not 
only identification of the organisms but in addition whether or 
not they can be implanted. 
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Early investigators depended for the diagnosis of hemorrhagic 
septicemia entirely upon the lesions and the bipolar staining and 
pathogenicity of the organisms encountered as etiologic agents. 
It is evident, therefore, that in early references, organisms of 
widelj'' divergent characteristics have been included in the 
PastcureUae group. 

The first report of an organism of this group was by Rivolta 
in 1877 following his study of fowl cholera. This investigation 
was followed by several others, establishing a host of organisms 
as the causative agents of the various hemorrhagic septicemia 
diseases. Hueppe, in 1886 was the first to observe the close 
relationship of the various organisms of the group when he used 
the name Bacterium septicaemia-hemorrhagica for the etiologic 
agents of fowl cholera, cattle, rabbit, and swine septicemia. 
Kitt, however, in 1885 used the term Bacterium bipolare-muUo- 
cidum to embrace the organisms causing the disease in cattle, 
swine, deer, horses, sheep, and goats. These two authors were 
the first exponents of the unicist school. The work of Lignieres, 
however, is probably the basis of the zoologic species classification 
of the Pasteurellae, even though he recognized the close cultural 
and biochemic similarities of the various group constituents. 
Lignieres’ classification was based almost entirely on the isolation 
history of the various organisms. This classification has pre- 
vailed up to the present, although experimental evidence has 
pointed to its inadequacy as a method of subdividing the genus. 

Baumgarten (1911) was one of the first investigators to doubt 
the value of the zoologic classification, basing his objection on the 
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experimental cross-pathogenicit}’ of the various groups or species. 
Similar conclusions regarding experimental and field cross-path^ 
genicity, as well as cross-immunitj', have been reported by the 
following investigators: :tIohler and Eicliliorn (1913), Ilutyrn 
(1925), iNIigge (1933), and Manninger (1934). 

Further eridence against the zoologic classification was pro- 
vided bj' studies of the cultural, biochemic, and serologic char- 
acteristics of the various components of the group. A general 
tendenc 3 ’’ to doubt the value of Lignieres’ classification lias 
resulted, since there is a decided similarity between the \'arious 
strains and none of the strain differences correspond to the 
zoologic species subdivision. 

On the basis of cultural, biochemic and serologic characteristics, 
the Pasteurellae have been di^dded into a t 3 T)ical group and an 
at 3 ’pical group by se^’eral investigators. Organisms belonging 
to the latter group isolated from cattle and sheep have been 
studied b 3 ’ Jones (1921), Spra 3 ’’ (1923), Jorgensen (1925), Edding- 
ton (1930), Newsom and Cross (1932), and others. Newsom 
and Cross, in 1932, studied this group in detail and reported it 
as identical to Jones’ Group I, because the two groups arc similar 
in pathogenicit 3 ’’, hemol 3 ’sis, absence of indol formation, and 
fermentation of lactose, maltose, inositol, dextrin, and raffinose. 
These last investigators placed the at 3 'pical strains in a separate 
species which the 3 ’- called PasienreUa hemohjlica. 

The t 3 'pical group has been studied b 3 ’- investigators in variou.s 
countries and subdirided into several subgroups or t 3 'pes, which, 
unfortunately, have not been correlated sufficiently for their 
classification status to be established. Some of the investigators 
responsible for the subdirision of this group, vhich contains 
most of the hemorrhagic septicemia Pasteurellae are: Koskc 
(1927), Koderick (1922), and Zaisen (1934), all of whom resorted 
to complement-fixation differences, and Cornelius (1929), Ochi 
(1934), Yusef (1935), and lihalifa (1930) on the ba^is of ag- 
glutination, agglutinin-absorption, and precipitin-absorption 
reactions. KhaUfa, in 1934, was the first investigator to corre- 
late the serologic results with the fermentation of xylose, arabi- 
nose and mannitol. 
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Culture variations have been observed in the Pasteurellae by 
many investigators; however, few of the results have been cor- 
related. The earliest report was by Manninger (1919) who 
described an avirulent, uncapsulated, liighly immunogenic cul- 
ture-variant of avian origin. 

Other supposedly rough variants were described by De Kruif 
(1922) as virulent “D”, and avirulent, rough “G” types. Web- 
ster and Burn (1926), added to these an “I” or intermediate type 
and a more stable "M” or mucoid type. Anderson, Coombes, 
and Mallick, in 1929, initiated the use of “S” and “R” to replace 
the "D” and “G” types of De ICruif. Brigham and Rettger 
(1935) used the same terminology and, in addition, recognized 
the occurrence of “I” or intermediate forms. 

Other reports describing cultural variations dealt with fluores- 
cence. Webster and Hughes (1929) described three types on 
the basis of fluorescence, pathogenicity, and agglutinability. The 
fluorescent form was highly pathogenic and of poor agglutin- 
ability, whereas the non-fluorescent form was of lower patho- 
genicity. The third type was an intermediate, h'lorch and 
ICrogh-Lund (1931) and Ochi (1933) reported types that seem 
to be similar to the three types described above. Cornelius, in 
1931, also found a similar change, but he used the terms, “I” 
form, for the less stable, fluorescent and poorly agglutinable type, 
and “A” form for the stable non-fluorescent and highly ag- 
glutinable type. This author stated that he could obtain “A” 
forms from his “I” forms, by subjecting the cultures to unfavor- 
able environmental conditions, but he could not do the opposite, 
for they reverted very rapidly to the original “A” form. 

EXPERIMENTAL MATERIALS AND PROCEDURE 

One hundred and fourteen strains were studied, but due to 
the lack of spaced results for only 44 representative strains are 
presented in tables 1 and 3. The isolation history of many of 
the strains, other than the species from which they originated, 

1 For additional complete data refer to C. Rosenbusch’s Master’s Thesis on 
the “Biologic and Serologic Relationships of the Hemorrhagic Septicemia Pas- 
teurellae’’ deposited at the Library of the Iowa State College, Ames. Iowa. 
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was not avaUable. The origin of the 114 strains studied was as 
follows: 38 avian, 22 bovine, 18 ovine, 15 porcine, 7 buffalo, 
7 equine, 4 rabbit, and one each of deer, cat, and mink. Of the 
44 cultures discussed in this paper^ the source and original 
numbers are as follows; 

1. Strains: 153 (1336-Jones), 159 (Woodbuiy), 161 (Mountain 

sheep), 164 (52B), 165 (4277-Jones), 168 (54), 169 (33), 175 

(18A), 178 (Hereford), from Dr. I. E. Newsom, Ft. Collins, 

Colorado. 

2. Strains: 104 (8-65), 106 (8-75), 109 (8-58), 116 (8-71), 120 

(8-66), 122R (8-54), 130 (8-76), 134 (8-64), 138 (8-70) from 

the Jensen-Salsbery Laboratories, Kansas City, Missouri. 

3. Strains: 70 (170), 84, 95, 217M (117), 257, 335, 642 from the 

Pittman-Moore Laboratories, Indianapolis, Indiana. 

4. Strains: 150, 226, 412, 1525, 4300 from the Fort Dodge Serum 

Co. Laboratories, Fort Dodge, Iowa. 

5. Strains: 232, 234R, 236, 242R, 243 from the Norden Labora- 

tories, Lincoln, Nebraska. 

6. Strains: 33R (N33), 590M (2590), 779 (H779) from the United 

States Bureau of Animal Industry Laboratories, Washington, 

D. C. 

7. Strains; 31, 57, 1932 from the Lederle Laboratories, Pearl 

River, New York. 

8. Strain: 886 from Dr. H. D. Marsh, Bozeman, Montana. 

9. Strains: 35M, R, T, 70R from miscellaneous sources. 

Morphologic and cultural technic 

Preparations stained by dilute carbol-fuchsin and Giemsa 
stains were examined to detect capsules. A basic medium con- 
taining 0.5 per cent proteose-peptone (Difco) and 0.5 per cent 
sodium chloride, 0.02 per cent di-potassium-phosphate, and 0.01 
per cent magnesium sulphate at a pH of 7.2-7 A, or a buffered 
pepsin-digested beef-infusion medium was used for cultural pur- 
poses. A medium containing beef-extract broth, 1.2 per cent 
agar and 20 per cent serum was used for stock cultures, colony 
studies, and dye bacteriostasis. 

Growth characteristics in broth were observed at daily intervals 
for the detection of variants. Motihty was studied after 24 
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hours of growth in the same broth cultures. Hemolysis was 
determined on dilute horse-blood agar plates and recorded after 
IS to 3G hours. Bile solubility tests were made by the addition 
of 0.5 to 1 cc. of heat-sterilized sheep bile to 24-hour cultures. 

Dye bacteriostasis tests were carried out in a series of dilutions 
between 1 : 10,000 and 1 ; 100,000 of crystal violet, basic fuchsin, 
tliionine, pyronine B, malachite green, and brilliant green. 
Several cultures were inoculated on the same plate and care was 
taken to prevent the use of too great bacterial inocula which 
would otherwise allow growth by superposition of organisms. 
Readings were taken at daily intervals for five days. 

Biochcmic and pathogenesis technic 

A total of 15 carbohydrates, 6 alcohols, and 1 glucoside were 
used to study the saccharolytic properties of the organisms. The 
fermentation tests were made in a medium composed of one-per- 
cent of the sugar in basic broth with one-per-cent of Andrade’s 
indicator. The media were filter-sterilized through a W Berke- 
feld candle. Readings were taken daily for 10 days and then 
at 10-day intervals until the thirtieth day. The fermentation 
tests were first made using a serum broth which had been heat- 
sterilized. It gave irregular results, due to heat sterilization or 
to the action of the serum enzymes, especially on maltose and 
xylose. 

Indol formation was tested on the basic broth medium after 
4 or 5 days incubation. A slight modification of Kovacs’ test 
(1928) was used to detect the formation of indol. It consisted 
of the addition of 1 cc. of ether to each tube, which concentrated 
the indol at the surface of the medium and allowed a rapid and 
definite purple indol-ring to form. Nitrate reduction tests were 
made on 5 day-old cultures in basic broth to which 0.2 per cent 
sodium nitrate had been added. Hydrogen sulphide and Voges- 
Proskauer tests were made with Kligler’s lead acetate and 2 per 
cent glucose broth respectively, the latter tested by the addition 
of 50 per cent caustic potash and read after 24 hours. 

Mouse pathogenesis was determined by the intraperitoneal in- 
jection of each organism into three mice. The first two in- 
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jections of 0.5 cc. each were made with 18- to 24-hour broth 
cultures, while the tMrd test was done with 1 cc. of a dilute sus- 
pension of a young serum-agar culture. A series of mouse 
passages was also carried out with some of the strains to deter- 
mine the effect of successive animal passages. The dead animals 
were autopsied and cultures made from the heart to diagnose 
the cause of death. 


Agglutination technic 

Twelve rabbits were injected, 26 times each during a period of 
90 days, with 12 different broth antigens. The first 15 injections 
were made intravenously and intraperitoneally with heat-killed 
cultures, producing homologous titres lower than 1:1,600. In 
the remaining 10 inoculations live cultures were injected sub- 
cutaneously, intraperitoneally, and some intravenously. The 
final homologous titre of most sera was 1:32,000. There were, 
however, two strains of very poor antigenic ability which did 
not cause the production of such a high titre. 

The agglutination tests were made with agar-growth antigens 
suspended in physiologic saline in two series of increasing serum 
dilutions. The first series consisted of dilutions ranging between 
1:25 to 1:3,200 while the second series ranged from 1:250 to 
1 : 32,000. The tests, with their controls, were then placed at a 
temperature of 40-43°C. and the readings taken after 72 and 96 
hours of incubation. 

EXPERIMENTAU RESULTS 

Morphology and cultural characteristics (see table 1) 

The organism proved to be so pleomorphic that it could not be 
typed on the basis of morphology, nor, at times, distinguished 
by this means from contaminating forms. Pleomorphicity was 
most noted in broth and carbohydrate media while uniformity in 
shape was increased by repeated transfers on solid-medium or 
animal passage. Carbohydrate media, especiaUy when fer- 
mented, were responsible for the greatest pleomorphicity of the 
organism; there were, in some cases, organisms 3 to 4 times their 
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normal size as well as long chain formations. Capsule or pseudo- 
capsule formation -was observed on some of the larger cells. 

In serum-agar plates fluorescent, non-fluorescent, and inter- 
mediate colonies were distinguished. A differentiation in species 
could not be made on the basis of colony characteristics. The 
occurrence of fluorescence was not constant but fluctuating and 
was partially associated with continuous serum-agar transfers or 
with a series of mouse passages. The changes of colonies toward 
the fluorescent mucoid type occurred spontaneously in single 
colonies, but were usually short-lived. In general it was found 
that the intermediate fluorescent forms were the least stable, while 
the non-fluorescent forms were the most stable. Recently iso- 
lated strains showed the fluorescent characteristic in the majority 
of cases. 

In broth, most of the organisms grew diffusely, but there were 
some strains that showed an earlj"^ precipitation into granular or 
floccose particles, leaving the supernatant fluid clear or almost 
so. This latter characteristic was later correlated vith the 
avirulence of the culture. A partial sedimentation of a mucoid- 
stringy nature was noted in a number of the strains. None of 
the strains were motile. 

Two main dmsions could be made on the basis of hemolysis. 
The hemolidic forms corresponded to Newsom and Cross’ 
PaslexircUa hemohjtica, and the remaining strains corresponded 
to the tjTDical Pasteurella group of the same authors. 

Bile-solubility tests proved negative for all strains. No satis- 
factory species or group differentiation could be obtained from 
the study of dji’e bacteriostasis with six different dyes. There 
was, in general, how'ever, a tendency of the a\ian strains to grow 
in higher concentrations of crystal Aiolet. The growth-hmits of 
the avian strains ranged between the dilutions of 1:15,000 to 
1 : 25,000 whereas the other strains’ growth-limits ranged betw^een 
1:33,000 to 1:50,000. 

The pH range of the organisms in proteose-peptone broth as 
tested with brom-thymol blue, chlorphenol red, and phenol red 
was between 6 and higher than 8.5 with an optimal pH between 
7.2 and 7.4. 
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, TABLE 1 

Biochemic, cultural and biologic characlerislics oj U representative Pasteurella 
organisms 
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TABLE 1 — Concluded 
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Biocliemic and 'pathogenesis charaeleristics {see table 1) 

The fermentation study of 22 carbohydrates, alcohols and 
glucosides revealed that xylose, arabinose, and dulcitol were 
sufficient for the classification of the typical non-hemolytic strains 
into two main groups. The atjrpical hemolytic forms could be 
separated from the rest by their ability to ferment inositol, 
lactose, maltose, trehalose, and raffinose. This group, which 
corresponded to Jones’ tj^pe I and Newsom and Cross’ Pasteurella 
hemolytica was classified as group IV. The other carbohydrates 
and alcohols were carried as contamination controls. The three 
main carbohydrates were tested a total of 3 to 8 times per culture 
depending on the strain in use. The results obtained warrant 
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the sub-division of the typical forms into two main groups; 
Group I ferments arabinose and dulcitol but not xylose, which 
corresponds to Khalifa's type A; group II ferments xylose but 
not arabinose nor dulcitol, which corresponds to IChalifa’s type C. 
Group III included three strains which fermented all three carbo- 
hydrates and an additional strain, 95, of doubtful classification, 
but which showed the fermentation characteristics of group I. 

In addition to the carbohydrates and alcohols reported in 
table 1, the hexose carbohydi-ates glucose, levulose, galactose, and 
mannose were fermented by all the strains. The pentose 
rhamnose, the glucoside salicin, and the polysaccharides inulin, 
starch, and dextrin were not fermented by any of the typical 
strains. 

The fermentation of xylose occurred somewhat slowly, while 
that of arabinose occurred more rapidly. A uniformity in the 
fermentation of arabinose and dulcitol was observed in almost 
all of the strains, Dulcitol showed somewhat variable results. 
It apparently inhibited the growth of the organisms, due, possibly, 
to heat sterilization and prolonged incubation before inoculation. 

Four strains, group I cultures 232 and 236, and group II 
■cultures 84 and 1932, which were studied through a period of two 
years, showed changes in the fermentation of xylose, arabinose, 
and dulcitol. These organisms were tested a total of 4 to 8 
times and the results were quite surprising (see table 2), as they 
alternated through the experiment from the characteristics of 
groups I to II. 

The variations in fermentation of arabinose and xylose were 
adequately controlled by comparisons with the other normally- 
acting cultures and by the constant check on such contaminant- 
control carbohydrates as lactose, maltose, and sucrose, as well 
as by additional control tests with raffinose, trehalose, rhamnose, 
inositol, indol production, colony characteristics, mouse patho- 
genesis, and dye bacteriostasis. Further evidence that the 
biochemic variability was not caused by contamination was 
provided by the constant uniformity in the fermentation of 
dulcitol and arabinose, which, at the same time, provided evidence 
that the chemical nature of the carbohydrates had not changed. 



HEMOnRHAGIC SEPTICEMIA PASTEURELLAE 


79 


IMoiise pathogenesis was of little value in the separation of the 
strains into groups or species. The strains belonging to group IV 
and those of the variant group were either entirely apathogenic 
or of low virulence. 

In general, no relation could be found between colony char- 
acteristics and virulence. On the other hand, when four serial 
mouse passages were carried out on a bovine strain, 1932, and 
an ovine strain, 31, there was an increase in colony fluorescence 
and in ^drulence to the extent that they caused the death of 
two chickens. 
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There were marked stable variations in virulence in some 
individual strains. Strain 642 was completely avirulent and 
strain 226 was apathogenic in a number of trials, but both strains 
gradually became m'.S're and more virulent. The reverse was 
true with strains 217 and 259. 

Serologic characteristics 

Some of the strains revealed an auto-agglutinating tendency. 
This occurred for the most part in strains which showed poor 
growth on common agar and in strains showing early broth pre- 
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Classification of represenlativo Pasteurcllae on the basis of selective agglutinations 
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cipitation. To decrease this effect, the antigens of these strains 
were prepared with a lower salt concentration, and the tests 
were read at more frequent intervals. 

By using ten immune sera it was possible to classify 44 Pas- 
teurella strains into 4 groups (see table 3) by means of the ag- 
glutination test. For that purpose 5 group I sera, 3 group II 
sera, and 2 group III sera were used. The groups observed 
corresponded to the carbohydrate grouping mentioned previously. 

Group I strains gave the highest agglutination titres with 5 
group I sera. Some of the strains were agglutinated by 2 group 
II sera and especially by one which was considered of inter- 
mediate character. These strains were also agglutinated by 1 
group III serum, 95, which was the least typical of the group. 

Group II organisms were more specific in their agglutination 
reactions, since they were agglutinated in the higher titres only 
by the group II sera. Individual agglutination variations were 
encountered in this group more often than with group I strains. 
Certain of the equine strains showed a tendency to agglutinate 
at high titres with group III serum 95. Some of the bovine and 
ovine strains tended to agglutinate at higher titres with group I 
serum 259, while porcine strain 134 agglutinated to a moderate 
titre with group I strain 57, which was otherwise specific to group 
I. The rabbit strains appeared to vary most from the typical 
form; they acted as intermediates to group III. 

Group III includes 3 organisms of miscellaneous characteristics 
which gave a high agglutination titre with serum 412. Strain 
95 was homologous in agglutination characteristics and acted 
otherwise as an intermediate variant of group I. 

Group IV was composed of serologic strains bearing no relation 
to any of the sera. The organisms of this group corresponded to 
Newsom and Cross’ Pasteurella hemolytica species, for which, 
unfortunately, no homologous serum was available. 

The variant group which was set apart because of its cultural 
characteristics was shown to contain organisms of low agglutin- 
ability and poor antigenicity. Sera 35M and 234R reached the 
final homologous agglutination titre of 1:2,000 and 1:800 re- 
spectively, even though culture 35M was very pathogenic. 
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Two control sera were used. One was from a normal rabbit of 
the same origin as most of the rabbits used during the experi- 
ment. -Another was from a rabbit immunized with Brucella 
abortus. Both these sera showed agglutination titres of certain 
strains ranging from 0 to 1 : 800. The animals showed no history 
of a pre\’ious infection so that all the agglutinations under 
1:1,600 were considered as insignificant in the interpretation of 
agglutination results. Since the results of both sera were com- 
parable, only one is included in table 3. 

The other seiaim was a composite Brucella-ahortus-positive cow- 
serum. This serum showed fairly high titres with the group II 
organisms, as well as with two group IV and one group I equine 
strain. 

Cross-agglutination tests on the rabbit sera with a polswalent 
Brucella abortus antigen were negative. Similarly, tests were 
made vdth all the sera on 6 Salmonella and 2 Escherichia strains 
with negative results, even though some of the agglutination 
titres were as high as 1 : 200, which was attributed to an acquired 
immunity of the rabbits tested. 

Variability 

During the course of the study of 114 Pasteurella cultures, 
eight strains were found which were considered to be variants 
on the basis of a granular or mucoid precipitate in broth cultures, 
lack of virulence for mice and poor agglutinability with immune 
sera. 

Of these organisms, strain 33R, was a permanent “R” form. 
Its “S” pathogenic form was available as culture 169, which 
was provided by Newsom. Both of these strains differed in 
every respect except their carbohydrate fermentation behavior. 

Strain 35M,“ on the other hand, behaved as a pathogenic 


- Culture 35M appeared similar to the virulent capsulated forms described by 
Priestley (Brit. Jour. Exp. Path., 17: 374-378, 1936). The behaviour of this cul- 
ture as well as some of the other recently isolated organisms of avian origin 
seemed to conform to this type. According to the above author, the poor anti- 
genicity and agglutinability of such strains are due to the presence of a capsule 
which is present when the organism is virulent and recently isolated. 
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and poorly antigenic mucoid form originating from a recent 
Argentine field case isolation. 

The other variants included strains 234R, U2R, and 242E, as 
well ^ as strains 21 7M and 590M. These cultures presented 
varying degrees of irregularity in carbohydrate fermentation and 
agglutination behavior, which were attributed to their different 
degrees in phase changes. These conclusions were based upon 
colony and broth characteristics, and mouse pathogenesis. These 
organisms represented possible "R”, “M” and intermediate 
forms. 

An additional variant studied included strain 70R which was 
isolated from “S” to form 70. This culture differed from its 
original culture in rough colony characteristics, precipitation in 
broth, and lack of mouse pathogenesis. Yet, it was similar 
serologically and biochemically, and it reverted once after the 
second month of isolation so that it probably represented an 
intermediate of the type “SR”. 

DISCUSSION 

The purpose of this investigation was to correlate all the 
available literature on the inter-relationship of the hemorrhagic 
septicemia PasteureUae and to test the validity of the zoologic 
classification and improve upon the various typing techniques 
which have been reported. 

The biochemic, cultural, biologic, and serologic results re- 
vealed that the PasteureUae were composed of widely differing 
strains of organisms which warranted their classification into 
two separate species, as suggested by Newsom and Cross. These 
authors, in 1932, gave the species name Pasteurella hemolytica 
to an atypical, avirulent, hemolytic, and non-indol-fonning 
group composed of strains of bovine and ovine origin. The 
second group, which they termed the typical group, was of great 
homogeneity and included strains from avian, bo^^ne, ovine, 
porcine, equine, buffalo, rabbit, cat, mink, and deer origin. The 
origin of these strains, however, could not be detected experi- 
mentaUy by either morphologic, cultural, biochemic, or serologic 

methods. 
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The main argument for the host-specificity classification of the 
group up to now has been epidemiologic. Still, this argument 
has never been adequately nor suflSciently sustained either 
epidemiologically or experimentally. On the other hand, many 
epidemiologic reports, cross-pathogenesis studies and cross- 
immunity tests support the inter-relation of the various species. 
Of importance are the reports of Baumgarten and Migge, who 
have gone so far as to state, that epidemiologically the Pas- 
teurellae, vdth their various changes and types, follow a definite 
cyclic development in their adaptation to the various hosts. 
Similar conclusions are encountered throughout the literature. 
Most of these reports emphasize that cross-pathogenicity is a 
factor related to differential virulence and host adaptation. 

On the basis of the bacteriologic results obtained, on the well- 
grounded historical epidemiologic data of the species unity, as 
well as the similar pathology of the disease in various animals, 
it is possible to group all the typical PasteureUae in a single 
species possessing the characteristics given by Lignieres (1900), 
Vorloud (1908), and Manninger (1934). In conformity with 
these facts, the name Pasieiirella multocida, Kitt, 1885, n. comh. 
is suggested to include all of the typical, indol-producing, non- 
hemolytic hemorrhagic septicemia organisms. The name orig- 
inates from the first one given to an organism involving more 
than one host. It is also one of the first names given to the 
microorganism, and though originally a bi-nomial, it is the most 
suitable. This grouping is not the first one, since Hueppe, 
in 1886 (cited by Tonaka, 1926), and Hutyra (1928), used 
single species names, also bi-nomial in character, to identify 
the organism. 

The typical forms were consistently subdivided by their 
agglutination and carbohydrate fermentation tests into two main 
groups, and possibly a smaller, third group, all of which definitely 
crossed the host species lines. These groups differed in the 
fermentation of xylose, arabinose, and dulcitol and in agglu- 
tination reactions. 

Group I contained all of the avian strains as well as represen- 
tative strains of various other hosts. This group was highly 
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homogeneous, containing a predominance of the organisms ndth 
a fluorescent type of colony, a stable, diffuse appearance in 
broth, and a tendency toward a regular cell morphology. 

Group II contained strains of all origins except avian. It 
could be subdivided serologically into three or four subgroups 
depending on the degree of relationship to the members of group 
I. Strain 70 was possibly the true exponent of the group, 
while strain 168 was quite closely related to group I. The 
intermediate character of many of the strains of this group was 
revealed by the predominance of non-fluorescence, mucoid 
appearance in broth, and tendency toward an irregular cell 
morphology. 

Group III strains did not show a uniform fermentation of the 
basic carbohydrates. Three of the strains fermented xylose, 
arabinose, and dulcitol. The organisms showed only a high- 
titre homologous agglutination and they were devoid of mouse 
pathogenicity; they possibly represented intermediate forms 
between groups I and 11. Most of the strains possessed fluo- 
rescent colony characteristics, a diffuse broth growth, and a 
regular cell morphology. It may be of speculative interest to 
note that the apparent grouping is based only upon the char- 
acteristics which the various strains revealed at the time they 
were studied, and are representative of cyclic changes which the 
organism passes through under different environments. These 
changes may be due to the acquisition or loss of certain antigenic 
fractions of the organism. 

It was not possible to differentiate host species nor groups on 
the basis of dye bacteriostasis. Avian strains of both American 
and Argentine sources, which appeared to be the most homo- 
geneous and stable, were the most resistant to crystal violet. 

Bacterial variations, both of a temporary and a permanent 
nature, were observed. The former occurred as spontaneous, 
short-lived changes in fluorescence, often environmental^ in 
nature, or in mouse pathogenesis or carbohydrate fermentation, 
suggesting cyclic changes. The bacterial variations of ^per- 
manent nature were classed as rough “E” and mucoid M 
forms. Intermediate forms were also encountered. All of these 
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types of variations have been described in the literature, but 
their interpretation was difficult, because adequate inter-relating 
studies were absent. It is believed, therefore, that a careful 
study of the cultural, morphologic, biochemic, and serologic 
variations would be of great value in interpreting the changes 
wliich the organism exliibits in vitro and in vivo through long 
periods of time. 

CONCLUSIONS 

1. Two distinct types of organisms were studied; they differed 
in cultural, biochemic, serologic and pathogenic characteristics. 
One type included typical strains usually associated with hemor- 
rhagic septicemia; the other included atypical forms designated 
as PasteitrcUa hcmolylica bj'' Newsom and Cross. 

2. The typical strains were divided into two rather distinct 
subgroups, and a tliird, less distinct one, on the basis of xylose, 
arabinose and dulcitol fermentation and by agglutination 
reactions. 

3. Evidence presented invalidates the present zoologic species 
classification. The name Pasteurella multocida Kitt, 1885, 
n. comb., which includes all typical strains, is suggested to take 
the place of all the host species names, which are now in common 
use. 

4. Two types of variability were encountered. The permanent 
variants were of “R” and virulent “I\I” types, mth their inter- 
mediate forms. The temporary variants which were produced 
in many respects by environmental effects on cultural character- 
istics, mouse pathogenesis, and biochemic reactions, suggested 
possible cyclic changes in the organism; these changes may 
account for the variability of results obtained by many previous 
investigators. 
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Chromogenic strains of the genus Escherichia, obtained from 
human feces and from water, have been described briefly in a 
preliminary report (1937). Except for the production of a 
“reddish-orange” pigment, these strains cannot be distinguished 
from certain well-estabhshed non-chromogenic species of Esch- 
erichia. On the basis of minor differences, they fall into three 
types. They form gas, produce indol, yield negative Voges- 
Proskauer reactions, and fail to liquefy gelatin. Thus, they are 
distinctly different from most of the “yellow” pigment-forming 
“colon” or “colon-like” organisms which have been isolated 
from cereals, water, etc. by other workers, and which have been 
mentioned by Parr (1937), and by Lehmann, Neumann arid 
Breed (1931). On the other hand, the present strains may be 
identical with some of those encountered previously. This point 
cannot be settled, because the descriptions which have been 
recorded in the literature are incomplete, except for those of 
Parr (1937). Two of the present strains seem to be identical 
with the culture described by him. 

The present paper records in detail the characteristics of 
five strains of chromogenic cohform bacilli and compares them 
with well-recognized species of Escherichia. 

MATERIALS AND METHODS 

Three of the bacterial strains were isolated in 1932 from eosin 
methylene-blue agar during the course of routine bacteriological 

* This work was supported in part by contributions from the General Educa- 
tion Board Research Fund and the Department of Biology, College of Arts and 
Science, University of Rochester. 
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examinations of feces and water, and were considered to be typical 
mernbers of the genus Escherichia until they were cultivated on 
.nutrient agar. One strain was obtained in 1936 from the feces 
of an adult wbo bad suffered for years from chronic constipation. 
On eosin methylene-blue agar and on Endo’s medium, inoculated 
directly from a fecal suspension, it also appeared to be a typical 
member of the Escherichia, but on blood agar it was distinctly 
chromogenic. Several isolations were made from each medium 
and each subculture proved to be chromogenic on nutrient agar. 
One strain was made available through the courtesy of Dr, 
R. S, Breed, who had received it from Dr, A. J. lOuyver of Delft, 
Holland, Originally, it came from Dr. M. W. Beijerinck’s col- 
lection and “had been carried in the Delft collection for a long 
time, possibly for as long as 20 years.” The original source is 
not known. 

The media and methods employed to determine the various 
characteristics were the same as those described by Tittsl^r and 
Sandholzer (1935). Hemolysis was determined in pork-infusion 
agar containing rabbits’ blood, according to the method of Paul- 
son and Brown (1931). 

From 3 to 6 subcultures were isolated from each parent strain, 
and the cultural characteristics were determined for each sub- 
culture, Dxiring the course of the present study all of the char- 
acteristics were redetermined at least once, 

RESULTS 

The results of a detailed study of the cultural characteristics 
of five strains of chromogenic coliform bacilli are recorded, for 
the most part in tables 1 and 2. All of the strains were found to 
possess certain features in common. These are shown in table 1. 
They fermented glucose and lactose with the production of acid 
and gas; failed to liquefy gelatin; produced indol; gave positive 
methyl-red tests; and yielded negative Voges-Proskauer re- 
actions. Carbohydrates were fermented rapidly, with the ex- 
ception of saUcin and glycerol, in which acid fonnation did not 
occur until the second or third day of incubation. 

These cultures differed among themselves in certain char- 
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acteristics, as shown in table 2. On the basis of these differences, 
the five strains fell into three types. Strains 219 and 870, from 
water and from human feces respectively, were ahke. Strains 
220 and 251 were ahke and, evidently, they were identical with 
the culture described by Parr (1937). Strain 221 differed from 
the others. 


TABLE 1 


Characlcristics common to all five strains of chromogcnic coliform bacilli 


MonrnoLoaiCAL akd siocucuical 
cnAJiACTJsniBnca 

CAnDOnYDRATES 
rtRMENTERwrm ^ 
ACID AND OAB 

CARBOnTDRATES NOT 
FERUENTED 

Bacilli 

l-Arabinose 

Sucrose 

Non-sporogenous 1 

d-Galactose 

Cellobiose 

Gram-negative 

d-Glucose 

Raflinose 

Anrohifi 

d-Levulosc 

a-Methylglucoside 

Dulcitol 

Gelatin not liquefied 

d-Mannose 

Indol produced 

d-Xyloso 

d-Lactose 

1-Erythritol 

1-Inositol 

Nitrates reduced 

diethyl -red positive 

Maltose 

Inulin 

VoppR-Prn.«;kain:»r nopativa 

Trehalnsft 

Starch 

HjS not produced 

Glycerol 

Mannitol 

Citrate nnt utiliznH 


Milk acidified, coagulated and reduced.. 

Sorbitol 



TABLE 2 


Differential characteristics of five strains of chromogcnic coliform bacilli 



221 

220 

251 

219 

870 

Salicin 

AG 

AG 

AG 

— 

— 

Adonitol 

AG 

— 

" 

AG 

AG 

Hemolytic type 

Beta 

Gamma 

Gamma 

Beta 

Beta 

Motility 

+ 

+ 

+ 

- 

- 

Source 

Feces 

Feces 

Unknown 

Water 

Feces 


AG = Acid and gas. 


The color of the pigment produced by the parent cultures 
was designated by the writer as “reddish-orange” (1937). When 
classified according to Ridgway’s Color Standards (1912), how- 
ever, it is xanthine orange. Parr characterized the pigment 
produced by his strain as “a distinct golden-brown” and “prac- 
tically the same color as that observed for a typical Staphylococcus 
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aureus.” When strains 219 and 221 were plated on nutrient 
agar, they usually yielded a few colonies which had very little 
color, but subcultures from such colonies formed as much pigment 
as did the parent strains. On the other hand, strains 220 and 
870 yielded some colonies which were practically non-ehromogenic 
and subcultures from them developed but little pigment. When 
these slightly chromogenic substrains were plated and isolations 
made from the least chromogenic colonies, cultures were ob- 
tained which develop no detectable pigment in colonies and 
very little in mass growths. Otherwise, the slightly chromogenic 
strains did not differ from the most chromogenic substrains of 
the same parent culture. All of the parent strains have retained 
their chromogenicity constantly during repeated cultivation on 
nutrient agar, for as long as six years. 

nrscussroN' 

The results of a detailed study of the cultural characteristics 
of five chromogenic strains of coliform bacilli show that they 
are more closely related to members of the genus Escherichia 
than to those of any other genus. On the basis of chromogenesis 
alone, they might be allocated to either of the genera, Flavo- 
bacterium or Serratia. This designation would seem to be il- 
logical, however, because their failure to liquefy gelatin, their 
fermentation of numerous carbohydrates with the formation of 
gas, and their production of indol, are different from those re- 
corded for members of either of these genera. TiTien the char- 
acteristics of the present strains are compared in detail udth 
those recorded in Bergey’s Manual (1934) for certain members 
of the genus Escherichia, one finds a close agreement, except for 
the production of pigment. Thus, strains 219 and 870 differ 
from Escherichia acidiladici, and strains 220 and 251 from Esch- 
erichia paragruenthali, only in their inability to ferment raffinose. 
Strain 221 differs from Escherichia paragruenthali in its ability 
to ferment adonitol and in its inability to ferment raffinose. 
The writer, however, has found that raffinose is not fermented 
by members of the Escherichia genus which do not ferment 
sucrose, le., not by members of the coli-communis group. Thus, 
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except for cliromogenesis, strains 220, 221 and 251 would be 
classified as Escherichia paragnienthali and strains 219 and 870 
as Escherichia acidilactid. Strains 220 and 251 are identical 
with the strain described by Parr (1937) and for which he pro- 
posed the name Baclcrhm anrescens, n.s., because it differed 
from Escherichia paragnienihali “not only in being chromogenic 
but in failing to ferment raffinose.” Whether this proposal be 
acceptable or not depends upon the point of view. If strains 
hke 220 and 251 are given a specific name, the argument can 
be raised that strains 219 and 870, and 221 deserve similar con- 
sideration on the basis of differences in the fermentation of salicin 
and adonitol and in hemolysis. The writer does not favor the 
segregation of closely related strains into new species, unless 
the procedure serves a useful purpose or cannot be avoided. 
Accordingly, no additional specific names are proposed for the 
present chromogenic strains. It seems sufficient to consider 
them as chromogenic varieties of either Escherichia paragruenthali 
or Escherichia acidilactid, depending upon their fermentation 
of salicin. 


SUMMARY 

A detailed study of the cultural characteristics of five strains 
of chromogenic cohform bacilli, isolated from water and human 
feces, is presented. On the basis of differences in the fermenta- 
tion of sahein and adonitol and in hemolysis, these strains fall 
into three distinct types. Attention is directed to the relation- 
ship of these strains to Escherichia paragruenthali and Escherichia 
addilactid, and the opinion is expressed that they can con- 
viently be considered as chromogenic varieties of these recog- 
nized species, thus avoiding the necessity for the creation of 
new species. 
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The genus Siderocapsa was created by Molisch in 1909 to 
include certain bacteria of striking morphology, found in fresh 
waters. Two species were described, Siderocapsa treubii (Mohsch 
1909) and Siderocapsa major (Mohsch 1910). The former was 
found growing as a periphytic organism upon the leaves of sub- 
merged plants. It was described as coccoid, from 0.4;u to 0.6^1, 
occurring in colonies of not more than 8 cells, included in color- 
less, apparently mucoid material, the latter surrounded by a 
heavy irregular deposit of iron. Mohsch described the cells 
as unstainable with the usual dyes, but staining red with Schiff’s 
reagent for aldehydes. Siderocapsa major was found in the thin 
scum floating on the surface of stagnant pools. It differed from 
the preceding species in the somewhat elongated form of the 
cells, up to 1.8ju in length; the mucoid material was not so sharply 
dehneated from the iron, and the colonies were considerably 
larger, up to 100 or more ceUs. 

Mohsch’s observations apparently remained unconfirmed for 
some years. Cholodny (1926) doubted the existence of these 
forms as iron-depositing bacteria. He pointed out that ferric 
hydroxide is deposited upon the leaves of submerged plants 
independent of any bacterial activity, and also appears in the 
water scum, and that bacteria are found in the same places. He 

* Aided by grants from the Graduate School, University of Minnesota, and 
from the Wisconsin Alumni Research Foundation. 
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looked upon the organisms described by Molisch as an accidental 
association of various bacteria with independently deposited iron. 

Naumann (1928), however, observed the growth of these 
bacteria upon glass slides submerged in various waters, and 
confirmed JM^olisch s description. Naumann also observed 
another species, Siderocapsa monoica, occurring as single cells 
surrounded by an iron deposit. This species was found only 
once, growing upon the leaves of Potamogeton natans. On the 
basis of this single observation he divided the genus into two 
sections: Monosiderocapsa to include S. monoica, and Poly- 
siderocapsa to include the two species named by Molisch. 

A fourth species, S. coronata, was described by Redinger (1931). 
This is a plankton organism, i.e., it floats free in the water un- 
attached to any surface. He points out that this habit of growth 
invalidates Cholodny’s argument, since no plant material other 
than the bacteria is involved. It was found in Upper Lake 
Lunz, in Austria, and appeared in large foamy masses, at times 
as large as a fist. These zoogloeae were composed of coccoid 
bacteria, about 1^ in diameter, occurring in groups of 2 to 8 cells 
surrounded by mucoid material upon which iron and manganese 
were deposited in large quantities. Ruttner (1937) reported 
further on the distribution of this organism, which was found 
to be related to the oxygen stratification in various Alpine lakes. 
It was found most frequently at depths from 17 to 20 meters, 
where the oxygen range was from 0.12 to 0.30 mgm. per liter. 
The highest oxygen tension at which it was found was 4.66 mgm. 
per liter. 

Dorff (1934), working with Naumann, reobserved S. ireuhii 
and S. major. The former species was found to stain in varying 
degrees with basic aniline dyes, although warming the stain 
was necessary in some cases. S. major was found not only in 
the scum on stagnant pools, but also upon the leaves of sub- 
merged plants. Both speeies were found only in still waters. 

We have observed an organism presenting the characters of 
the genus Siderocapsa as described by Molisch, on slides which 
have been suspended in the waters of various lakes and streams. 
In many instances the iron deposit surrounding the colonies of 
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this organisms was the only iron deposit upon the slides. We 
believe, therefore, that this iron is deposited by the activities 
of the bacteria in question, and is not a mere accidental oc- 
currence as proposed by Gholodny. We have found, contrary 
to the observation of Dorff, that these bacteria may grow abun- 
dantly on slides submerged in very rapidly flowing streams. 

We have found upon our slides types of colonies which cor- 
respond in part with the two species described by Molisch. The 
first type has coccoid cells, 0.6/i to l.Gju in diameter. From one 
to 30 cells are found in a colony, most frequently 6 to 8. The 
cells tend to occur in pairs, and stain deeply with Hucker’s am- 
monium-oxalate crystal-violet solution. The outer edge of the 
mucoid capsule is well defined; it is round to elhptical, and may 
be from 2/x to S/i across, most often about 4/i. Several colonies 
may be surrounded by a single continuous deposit of iron. This 
organism fits, in most particulars, Molisch’s description of S. 
treubii. 

The second type, far more common, is a small rod, 0.4 to 1.0m 
in diameter and 2 m in length. The cells often stain unevenly. 
The colonies are usually elliptical in form, the mucoid capsule 
averaging about 2m by 4.5m. From 2 to 30 cells may be found 
in a colony, usually 4 to 6. Although the cells are rod-shaped, 
the other characteristics of this organism fit Mohsch’s description 
of S. treubii as well as those of S. major. 

In all colonies the outer deposit surrounding the mucoid cap- 
sule, whether light or heavy, is rust brown when unstained, and 
is probably composed entirely of iron oxide. When the slides 
are stained with potassium ferrocyanide in dilute hydrochloric 
acid (the Berlin blue test for ferric iron), and counterstained 
with erythrosin, the cells are pink, the capsular material clear, 
and the whole outer structure blue. An attempt to stain one 
slide with Schiff’s reagent failed. The slide was, however, 
several years old. 

Although we have found on our slides forms corresponding 
fairly well with both S. treubii and S. major, we have also found, 
even on the same slide, so many intergrading forms, that we 
seriously question whether a differentiation of these two species 
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can be justified. It was observed that, when the colonies oc- 
curred in clusters, the individual colonies within a cluster were 
all of a single type as regards size and form of the cells. But 
the finding of so many doubtful intermediary fonns prevented 
any recording of the two "species” separately. We shall refer 
to the organisms we have observed as Siderocapsa trenbii, vith 
the understanding that by this name we mean both types de- 
scribed by Molisch as well as the numerous intermediate forms. 

The morphology of this organism as it occurs in its natural 
habitat is so striking that it can readily be recognized. The 
iron-encrusted colonies may be readily found with the iow-power 
lens of the noicroscope. It is therefore an ideal organism for an 
ecological study by the direct microscopic method. We have 
searched for Siderocapsa treubii on nearly 2000 slides which have 
been suspended in the waters of 12 lakes and two streams in 
Minnesota and Wisconsin, These waters have varied widely 
in their physical and chemical characteristics, and it has therefore 
been possible to determine something about the environmental 
factors which determine the distribution of the microbe. 

Although there was obviously a variation in the number of 
colonies on different slides no attempt has been made to count 
them. The organism has merely been recorded as “present" 
or “absent.” In all instances several observations have been 
made at different times. All observations have been made 
during a period of the year when there was no ice in the lakes, 
with the exception of Lake Mendota, where observations were 
also made during the winter. In each lake, slides were sub- 
merged near the deepest part of the lake, being suspended at 
intervals from top to bottom. In the case of Lake Mendota 
and Lake Alexander, slides were also placed at several stations 
near the shore. 

The occurrence of Siderocapsa in the various lakes and streams 
together with certain physical and chemical data regarding the 
lakes are presented in table 1. The chemical data have been 
obtained from various publications of Birge and Juday and their 
associates from the Wisconsin Geological and Natural History 
Survey. The chemical analyses recorded have been made on 
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surface samples. In those lakes where Siderocapsa is recorded 
as present, it was found at all depths, excepting the two deep, 
thermally-stratified lakes, Trout and Mendota. 

In Trout Lake the organism was found in increasing abundance 
from the surface to a depth of S meters, below which level it 
was completely absent. The thermocline in this lake is found 
at about 12 meters, at which level the dissolved oxygen, tempera- 

TABLE 1 


Occurrence of Siderocapsa trcuhii in different types of lakes 


LAKE 

TTPB 

loccunnENCE 

or 

SIDEnOCAPSA 

pH 

nooND COj 

TOTAL 

Fo 

OR- 

OANIC 

c 

Forestry Bog 

Seepage 

Absent 

5.2 

mom. per 
liter 

1.0 


mom. 
per liter 

12.3 

Helmet 

Seepage 

Absent 

5.7 

2.0 

rm 

25.3 

Weher 

Seepage 

Absent 

6.0 

1.5 

0.03 

2.8 

Crystal 

Seepage 

Absent 

6.0 

1.5 

0.07 

1.6 

Mary 

Seepage 

Absent 

6.0 

2.5 

0.06 

17.4 

Muskellungc 

Seepage 

Absent 

7.0 

9.5 

0.03 

6.4 

Boulder 

Drainage 

Present 

7.5 

13.6 

0.48 

7.7 

Manitowish River* 

Trout 

Drainage 

Present 

Present 

7.5 

19.0 

0.03 

3.7 

Brazell 

Drainage 

Present 

8.0 

14.0 

1.70 

25.7 

Little John 

Drainage 

Present 

8.4 

16.0 

0.23 

4.9 

Allequash Creekf 


Present 

8.6 

16.6 

0.32 

6.7 

Mendota 

Drainage 

Present 

8.7 

34 to 70 

0.20 

7.1 

Alexander 

Drainage 

Present 

Alkaline 

Hard 




* Manitowish River empties into Boulder Lake; presumably the water is simi- 
lar in composition. 

t Allequash Creek drains Allequash Lake. Chemical analyses have been made 
upon the surface water of the lake. 


ture and pH all dechne rapidly. In Lake Mendota Siderocapsa 
was found only rarely, and its distribution was quite erratic. 
It was found once at a depth of 9 meters in August, but did not 
occur on any other slides submerged during the summer, either 
in deep water or near the shore. During the winter and spring, 
however, it was found abundantly at a depth of 18 meters, i.e., 
2 meters above the bottom, and absent. at all higher levels, save 
for single rPf^f'rrlino-s ot I.*! mpt.prs nnH 19, -mp.+.M’S. 
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Lake Alexander has been referred to in pre^dous papers of 
this series as a seepage lake, and this is true at the present time. 
But until about ten j’ears ago it drained into the hlississippi, 
and it presents the characteristics of a drainage lake. BTiile' 
unfortunately, no chemical analyses are available, its water is 
ob^dousl}'^ very hard and alkaline. Siderocapsa has been found 
on nearly all of the many slides which ha'^^e been submerged in 
this lake, but is clearly much more abundant in the shallow weed- 
choked bays than in the open lake. l^Tiile it has been found 
at all depths, it is more abundant on slides about 1 meter above 
the bottom than at other levels. Lake Alexander is not stratified. 

The slides placed in the Manitovdsh River and Allequash 
Creek were stationed at places where the current flow was very 
rapid. In Allequash Creek slides were placed in a rapid where 
the current flow was so great that some of them were torn loose 
from their attachment. Nevertheless, these slides developed 
a heavy coating of bacteria in a few days, including abundant 
specimens of Siderocapsa. 

The data presented in table 1 show clearly that Siderocapsa 
treubii occurs characteristically in alkaline, hard water lakes of 
the drainage type, and is absent in neutral or acid, soft water 
lakes of the seepage type. The distribution is clearlj’- not deter- 
mined either by the organic matter or by the abundance of non 
in the water, although possibly on a quantitative basis correla- 
tions with these characters could be established. The amount 
of iron caimot, however, be the sole determining factor. Slides 
from Forestry Bog and Helmet Lake, vdth high iron contents, 
showed an abundance of other types of iron-depositing bacteria, 
especially Leptothrix crassa and related forms, but Siderocapsa 
was completely absent. Conversely, the latter microbe was 
fairly abundant at the surface of Trout Lake, with a very low 
iron content (0.03 mgm. per liter), and absent at the bottom, 
where there was much more iron (0.35 mgm. per liter) but a 

lower pH. _ i r rr f 

Of the various emdronmental factors considered, the pH ot 

the water appears to be most important. Since Siderocapsa 
treubii is found only in alkaline waters, it seems highly probable 
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that it deposits iron by the oxidation of organic compounds, 
so-called “humates” of iron, the reaction probably occurring 
at the surface of the capsule. It has been shown by Halvorson 
and Starkey (1927) that truly autotrophic iron bacteria, i.e., 
those obtaining energy from the oxidation of inorganic ferrous 
to ferric compounds, could grow only in waters acid in reaction, 
since only in such waters could ferrous compounds remain in 
solution; and Turowska (1930) has shown that such organisms 
as Leptothrix ochracea and Gallionellafemigmea are rather sharply 
limited to waters neutral or acid in reaction. It is possible that 
the iron oxide is precipitated in the water spontaneously and 
merely adsorbed onto the capsule of Siderocapsa. This appears 
to be improbable because, as was mentioned, in many cases the 
only iron found on the slides was that deposited about the colonies 
of this microbe, although other types of bacteria or algae with 
mucoid capsules were frequently found. We therefore are of 
the opinion that Siderocapsa treuhii is a heterotrophic bacterium 
which utilizes the organic radicle of organic iron compounds, 
depositing the iron as a waste product. 

SUMMARY 

Bacteria presenting the morphological characters of Siderocapsa 
treuhii Molisch and Siderocapsa major Molisch were found upon 
glass slides submerged in various lakes and two streams. So 
many intermediate forms were encountered that it was con- 
sidered impossible to separate these two species. 

Siderocapsa treuhii was present in all of the alkaUne, hard water 
lakes of the drainage type, and absent in all of the neutral or 
acid, soft water lakes of the seepage type. It was found abun- 
dantly in two rapidly flowing streams, M 

Siderocapsa treuhii is probably a heterotrophic organism uti- 
lizing the organic radicle of organic iron compounds and deposit- 
ing the iron as a waste product upon the capsules of the colonies. 
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PLATE 1 

Fig. 1. A colony of Siderocapsa treubii with numerous coccoid cells. 
Fig. 2. A colony with paired coccoid cells. 

Fig. 3. A colony with rod-shaped cells. 

Figs. 4 and 5. Confluent or multiple colonies. 






PROCEEDINGS OF LOCAL BRANCHES OF THE 
SOCIETY OF AMERICAN BACTERIOLOGISTS 


EASTERN PENNSYLVANIA CHAPyER 

First Meeting of the Cdrrent Season, Phieadelphia Cottntt Medical 
Society Bcilding, Octoder 18, 1938, Philadelphia, Penna. 

The Original Minutes of the So- library of the Mulford Biological Lab- 
ciETY OF American Bacteriol- oratories of Sharp and Dohme, Glen- 
ogists. C. G. Roos, Sharp and olden. Pa. The original record book 
Dohme Laboratories, Glenolden, will be delivered to the Archives Com- 
Penna. mittee of the Society of American 

Announcement was made of the find- Bacteriologists, 
ing of the original minutes of the first 

meetings of the Society of American The Pathogenesis of Local Tet- 
Bacteriologists. While it was known anus. Williavi Chalian, Labora- 
that some records had been left at tory for Endocrine Research, The 

Glenolden in 1917 by the Society’s Johns Hopkins University, School 

secretary. Dr. A. Parker Hitchens, a of Medicine, Baltimore, Md. 
post-war search had been fruitless. Theories of the pathogenesis of tet- 
In the spring of 1938 the laboratories anus were reviewed. The nerve- 
in the main building were remodeled blocking experiments of Meyer and the 
and provision made for safe keeping of dynamic-activation experiments of 
valuable records. While old records Doerr and Seidenberg were shown to be 
of value were being gathered, the defective and hence of no value to the 
record book containing the minutes of axis-cylinder-carriage theory. The 
the Society’s first meetings was fact that denervated muscles fail to 
brought to light. respond to the injection of tetanus 

The original minutes are contained toxin does not preclude the possibil- 
in a small record book consisting of 200 ity of a peripheral action of this poison, 
pages. The 101 inscribed pages in- The following theory is upheld: Tet- 
clude the original transcript of the anus toxin can be carried to the 
Society’s constitution, minutes of the tissues of the body, whether these be 
meeting of organization, names of the specifically reacting striated muscles 
Society’s organizers with a list of the or motor horn cells or structures that 
names of its eharter members, the first do not respond in a recognizable man- 
to the eleventh programs presented at ner to the action of the toxin, only by 
the annual meetings and the minutes the same mechanisms that effect the dis- 
of transactions at those meetings, tribulion of countless other drugs and 
The earliest date recorded is October poisons — the blood and the lymph-vascu- 
16, 1899 and the last December 30, 1909. Zar systems. The toxin is capable of 
Photostats are being made of the exhibiting a dual action, the compo- 
records and will be available at the nents of which are separately demon- 
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strable. The first effect, which is a poi- 
soning of the motor horn cells, results 
in the appearance of convulsions and 
reflex spasms. The second effect is 
exerted directly upon the motor end- 
organs present in striated muscle and 
is manifested by the development of 
muscular rigidity. 

A detailed report of this work will 
appear shortly in the Bulletin of the 
Johns Hopkins Hospital. 

Recent Advances in Oub Knowledge 
OF Tetanus. Warfield M. Firor, 
Johns Hopkins University, School 
of Medicine, Baltimore, Md. 

Long ago we became interested, with 
Dr, Abel, in the study of tetanus. Dr. 
Abel subjected the neural transport 
theory of Meyer to a critical review 
and concluded that tetanus toxin is 
absorbed by the lymphatics and dis- 
tributed by the blood stream. He 
felt that the rigidity seen in local tet- 
anus is due to a peripheral action of 
the toxin on the neuromuscular end- 


organs and that the hyperexcitable 
reflexes are central nervous system 
manifestations. To prove this latter 
point we injected into the gray matter 
of the lumbar cord of dogs minute 
amounts of tetanus toxin. With as 
little as l/300th ordinary lethal dose 
we were able to produce tactile reOex 
tetanus. All these animals died. 
Further studies showed that follon-ing 
intraspinal injections, death results, 
regardless of whether the afferent and 
efferent nerves are severed or the spinal 
cord divided above the point of injec- 
tion. These observations led us to hy- 
pothecate that tetanus toxin is altered 
to form a new substance. E.xperi- 
ments show that intravenous adminis- 
tration of tetanus antitoxin does not 
prevent death following the intraspinal 
injection of tetanus toxin. Experi- 
ments in which an injected animal is 
cross-circulated with a normal one 
seems to bear out the assumption that 
tetanus toxin is altered within the 
spinal cord to form a new substance. 


One Hundred and Thirtt-foubth Meeting, Philadelphia Countt 
Medical Societt Building, Philadelphia, Pa., November 22, 1938 


A Simplified Complement Fixation 
Technic for the Serological Di- 
agnosis of Stphilis. Fred Boerner 
and Marguerite Lukens, Graduate 
Hospital, University of Pennsyl- 
vania, Philadelphia, Pa. 

A simplified technic for a qualitative 
or quantitative complement-fixation 
test is described which effects marked 
reduction in cost and labor. Chances 
of error are minimized by a reduction 
in the number of steps and by the fact 
that omission of any step is readily 
detected. 

For the qualitative test, one dose of 
serum is employed; additional doses 
are used for the quantitative test. 
Qualitative test: (1) Add 0.1 cc. of 


each serum to be tested to each of 
2 tubes. Inactivate in water-bath, 
58°C. for 10 min. Also include suitable 
controls. (2) To tube 1 add 0.5 cc. 
antigen-complement mixture (antigen 
diluted in 1:30 complement so 0.5 cc. 
contains proper dose of antigen). 
(3) To tube 2, add 0.5 cc, complement 
1 :30. (4) Mix tubes thoroughly, place 
in refrigerator (6°-10°C.), 15-18 hours. 
(5) Place in water-bath, 37°C., 10 
minutes. (6) To both tubes add 0.5 
cc. 0.75% sensitized corpuscles. (The 
corpuscles and hemolysin should be 
mixed at least 15 minutes before use.) 
(7) Mix thoroughly, place in water- 
bath, 37°C., for 1 hour. (8) Reactions 
are interpreted as follows: ++++/ 
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positive; +++, ++, + or ±, doubt- 
ful; — , negfttivo. (9) When sovernl 
doses of serum arc used for the purpose 
of making a quantitative determina- 
tion of the degree of positiveness of 
the serum, the reactions obtained with 
each dose arc recorded for comparison 
with previous or subsequent tests. 

A Simplified Method for the Pkep- 

ARATION OF AN AnTIGEN FOR UsE IN 

Complement Fixation Test for 
Syphilis. Fred Boerner, Charles A. 
Jones and Marguerite Lukens, Gradu- 
ate Hospital, University of Pennsyl- 
vania, Philadelphia, Pa. 

A simplified method for preparation 
of antigen for use in the above comple- 
ment-fixation test for syphilis is de- 
scribed. (1) Place 10 gms. powdered 
beef heart (Difeo) in 1 or 2 1. flask. 
(2) Add 225 cc. absolute alcohol and 75 
CO. ether (U. S. P.); allow to stand at 
room T. J hour, shaking thoroughly 
every 5 minutes. (3) Filter through 
filter paper, discard the residue. (4) 
Place the filtrate in large flask and 
evaporate, using slight suction, to 50 
cc. by boiling in a water-bath. If the 
concentrated extract is less than 50 
cc., add sufficient absolute alcohol to 
make up to volume. (5) Place the 
concentrated filtrate in the refrigerator 


for 1 hour. A heavy precipitate will 
form. (6) Filter through paper in the 
refrigerator so that the filtration will 
be completed while the solution is cold. 
(7) Allow the filtrate to stand at room 
T. overnight; if a precipitate forms, 
filter. (8) Dissolve 200 mgms. choles- 
terol in the 60 cc. of filtrate. This 
finished antigen is now ready to be 
tested for its optimum fixing dose and 
anti-complementary properties. 

If desired that the antigen be more or 
less sensitive, merely vary the choles- 
terol content. Antigens prepared by 
the above method are slightly more 
anti-complementary than the alcohol 
used in their preparation, and their 
optimum antigenic dose is usually be- 
tween 1:800 and 1:1,600. Any volume 
of antigen can be prepared by this 
method by proportionally increasing 
or decreasing the amounts. 

Report of the Conference on the 
Laboratory Diagnosis of Syphilis 
AT Hot Springs, Ark., and the 
Meeting of the Laboratory Sec- 
tion OF the American Public 
Health Association in Kansas 
City, Mo. A. Parker Hitchens, 
University of Pennsylvania, School 
of Medicine, Philadelphia, Pa. 


WASHINGTON BRANCH 

Army Medical School, Washington, D. C., November 15, 1938 


Mechanism op the Action of Sulf- 
anilamide IN Brucellosis. 
Henry Welch, Food and Drug Ad- 
ministration, U. S. Department of 
Agriculture. 

In cases of human brucellosis and in 
guinea pigs infected with Brucella 
abortus, treatment with sulfanilamide 
markedly increases phagocytosis of 


this organism. Individuals infected 
with other diseases and normal guinea 
pigs treated with sulfanilamide show 
no change in their opsonocytophagic 
activity for Brucella abortus. Further, 
the blood of normal human beings or 
normal guinea pigs, when treated in 
vitro with sulfanilamide, shows no 
change in opsonocytophagic activity 
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when mixed with untreated Brucella 
ahorlus or with sulfanilamide-treated 
organisms. 

It has been possible in infected 
guinea pigs, treated with sulfanil- 
amide, to demonstrate the absence of 
the drug in the blood at the time at 
which marked phagocytosis occurs, 
and, further, to transfer this marked 
phagocytic activity to normal guinea 
pig and human cells by suspending 
them in the serum of infected treated 
guinea pigs. Since the presence of 
sulfanilamide as such is not essential 
for the demonstration of marked 
phagocytosis in infected treated guinea 
pigs, it would appear that the effect of 
the drug is an indirect one. 

The marked phagocytic activity 
demonstrated with normal cells in the 
presence of sera from infected indi- 
viduals treated with sulfanilamide is 


completely lost by the addition to such 
sera of small amounts of a concentrated 
filtrate of Brucella ahorlus. 

It would appear that sulfanilamide 
acts indirectly on Brucella infections 
by increasing the opsonic power of the 
blood and thus neutralizing the effect 
of the endotoxin or aggressin-lifce sub- 
stances produced by this organism al- 
lowing phagocytosis to take place. 
The fact that it was not possible to 
stimulate the opsonic power of the 
blood toward Brucella of uninfected 
hiunan beings or guinea pigs by treat- 
ment with sulfanilamide would indi- 
cate that an infective or immunizing 
process must be in progress for the 
drug to stimulate phagocytosis in this 
disease. 

PnoBLEMS IN Pneumonia. Lloyd Fel- 
ton, National Institute of Health. 
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Creatinine is a urinary excretory product from warm-blooded 
animals but the mode of its formation is not, as yet, completely 
understood. Folin (1905) determined that its production was 
independent of intake of food and protein and of non-protein 
nitrogen. Moreover, its daily output is normally constant. The 
amount of creatinine excreted per day is proportional to the 
muscular development of the individual as shown by Tracy and 
Clark (1914). 

Since creatinine may be considered to be dehydrated creatine, 
it has been assumed that creatine is its forerunner, although 
findings here have been diverse (Folin, 1914 and Lyman and 
Bundy, 1917). In addition, arginine, chohne, glycine-betaine 
and cystine have been advanced as precursors of creatine but 
final evidence of the effectiveness of anyone of these is lacking. 
It is possible that they may be only stimulants. The com- 
plexities of the animal body are such that evaluation of variables 
frequently becomes impossible and therefore it was decided to 
turn to simple organisms for our experiments, which have been 
done with certain bacteria. 

Fitzgerald, and Schmidt (1912) and Sears (1916, 1917) have 
demonstrated that bacteria can produce creatinine and the latter 
showed that Proteus vulgaris formed this compound from peptone. 
In the presence of glucose, with the peptone, the amount of 
creatinine appearing was increased. Because of the relatively 
simple structure of the bacterial media, control of variables 
is easier than in the body of an animal. 

Creatinine may be related theoretically to acetic acid, glycine, 
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sarcosme, guanidine, methylguanidine, gb^cocyamine, arginine, 
urea or choline and certain of these were examined to determine 
their availability to act as precursors of creatinine when exposed 
to the grovdh activities of bacteria. 

Procedure. Following our introductorj’’ experiments which 
were devoted to verification of the observations of Sears (191G, 
1917), sjTithetic media were utilized. The common base for 
these media was hluelier’s (1935) salt solution containing NaCl, 
K2HPO4, CaCh, MgSO^-THoO and FeCh-GHjO dissolved in 
distilled water. This solution was sterilized in the Arnold 
Steamer. The following amino acids have been included: gly- 
cine, dl-alanine, dl-glutamic acid, d-arginine HCl, cystine, dl- 
phenylalanine, dl-tyrosine, dl-aspartic acid, dl-leucine, and these 
compounds were obtained from Amino Acid hlanufactures at 
the University of California at Los Angeles and were stated to 
contain not more than 0.004 per cent of impurities. These 
substances were used in watery solutions and the concentration 
of hydrogen-ion was adjusted to 7.0. Sterilization was effected 
by the intermittent method. Media under test were com- 
pounded at time of use by addition of 0.25 cc. of h'lueller’s solu- 
tion to 10 cc. of solution of the amino acid. Culture volumes 
usually were 60 cc. 

The organisms were from stock cultures in the department of 
the University and had been previously isolated at various times. 

Determinations of creatinine were made by the method of 
Jaffe (1886). A solution of creatinine chloride of concentration 
of 100 mlg. creatinine in 100 cc. of distilled water was stand- 
ardized against one of potassium dichromate. In turn, this 
was diluted to suit subsequent tests. Saturated aqueous solution 
of picric acid was tested for purity by the method of Folin and 
Doisy (1917) . A representative test was conducted in the follow- 
ing manner: Five cc. of culture solution plus 5 cc. of alkaline 
picrate stood for five minutes and then were diluted volumeU 
ideally to 25 cc. with distilled water. By a colorimeter this 
solution was compared with 5 cc. of the standard dilution of 
creatinine to which had been added 5 cc. of alkaline picrate. 
This, after standing for five minutes, in turn was diluted volumet- 
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rically to 25 cc. with distilled water. If culture solutions were 
turbid, they were centrifugalized to prevent interference with 
readings in the colorimeter. 

EXPERIMENTAL 

Experiment 1. Since Sears (1916) stated that Staphyloeoecus 
aia'CKS, Proteus vulgaris and Escheriehia coli produce creatinine 
in peptone water and that tliis creatinine is increased in amount 
in the presence of glucose, his work was dupUcated with results 

TABLE 1 


Froduclion of creatinine by three organisyns listed 
Amounts arc expressed as milligrams in 100 cubic centimeters of media 



E. COU 

S. AUnEUS 

r. vDLaAnis 


3 days 

14 days 

3 days 

O. 

P 

CD 



Peptone water 

4.8 

5.2 

3.5 

3.3 

5.1 

5.0 

Peptone water + 1 per cent glucose 

5.6 

G.O 

4.0 

3.4 

6.5 

6.8 


TABLE 2 

Production of creatinine by three organisms listed 
Amounts are expressed as milligrams in 100 cubic centimeters of media. 
Incubation period was four days 



0.1 PEIt CENT OLTaNB 

1 

0.6 PER CENT QLTCINE 

S. aureus 

No growth 

0.40 

0.45 

No growth 
0.40 

0.50 

E. eoli 

P. vulgaris 


Solution of sodium picrate 

0.37 



indicated in table 1. Thus, the work of Sears (1916) has been 
confirmed and it is indicated that P. vulgaris is more active than 
E. eoli or S. aureus in formation of creatinine. 

Experiment 2. Since peptone contains a complex of amino 
acids, the next step was to consider one of the simplest of these, 
glycine, as a source for formation of creatinine when the tlxree 
organisms used in experiment 1 were placed in contact with it. 
For this purpose solutions of glycine of 0.1 and 0.5 per cent con- 
centration were utihzed. Results are set forth in table 2. 























114 


C. H. PISH AND T. D. BECKWITH 


Since sodium picrate, because of the color of its solution, gave 
an apparent reading of 0.37, it is obvious that a trace onty of 
creatinine was produced in this test. These results indicated 
that further work was likely to deal with small differences and 
caused us in certain instances to modify the technique by adding 
standard creatinine solution to the unknown. The procedure 
of MeCrudden, and Sargent (1916) as indicated below, was 
employed; 


Unknovm 


Standard 


5 cc. culture solution 5 cc. distilled water 

5 cc. standard solution 5 cc. standard solution 

5 cc. alkaline picrate 5 cc. alkaline picrate 

Wait 5 minutes 

Dilute to 25 cc. volumetrically 
Read by colorimeter 


In this experiment, glycine served as the sole source of C and N 
for the bacteria and of itself was insufficient for formation of 
creatinine. 

Experiment 3. Glycine corresponds only to that portion of 

the molecule of creatinine which contains — CH2-C00H. 

Since glycine can serve in such limited degree, it is likely that 
a precursor corresponding to the HN==C — NHs portion of the 
molecule of creatinine might be lacking. Urea might serve 
this purpose. Therefore various combinations of solutions of 
glycine, urea, ammonium sulphate and glucose were combined 
to constitute the series presented in table 3 with Proteus vidgaris 
to serve as the test organism. Ammonium sulphate was intro- 
duced into this series to serve as a control. To include am- 
monium carbonate would have incorporated an additional source 


of carbon and that was undesirable. 

A portion of each of these formulae was kept uninoculatcd 
until the conclusion of the experiment and then w’as tested for 
possible presence of creatinine. Results were negative in each 
instance. 

Since the results obtained by use of glycine, urea and glucose 
were so exceptional when compared to other umts of the scries, 
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the work mth tliis particular combination was repeated. Read- 
ings were made at frequent intervals during incubation at 37°C. 
Creatinine appeared in a concentration of 1.6 milligrams per 
100 cubic centimeters in twenty-four hours. At five days, it 
was 6.66 and at fourteen days, 5.0. 

A mixture of glycine, urea and glucose produced the largest 
yield of creatinine by Proteus-, while all other solutions used 
permitted formation of little or none of this by-product. 

Experiment 4. Arginine contains the guanidine group and 
thus likewise may serve as a precursor to the formation of cre- 

TABLE 3 


Production of creatinine by Proteus vulgaris when in presence of glycine, urea 
ammonium sulphate and glucose in various combinations 
Results indicated as milligrams per 100 cubic centimeters 


UEDIUU 

4 DATS 

7 DATS 

14 DATS 

0.1 per cent glycine 

0 

0,1 


0.1 per cent glycine + 1 per cent glucose 

0.16 

0.44 

0.32 

0.1 per cent glycine + 0.5 per cent urea 

0.1 

0.1 


0.1 per cent glycine + 1 per cent glucose 4* 0,5 per cent 
urea 

Not tested 

13.3 

1 3.0 

0,1 per cent glycine + 1 per cent glucose + 0.5 per cent 
ammonium sulphate 

Not tested 

0.22 

0 

0.1 per cent glycine + 0.5 per cent ammonium sulphate. 

0.16 

0.1 

0.1 

1 per cent glucose + 0.5 per cent urea 

0 

0 

0 

0.5 per cent urea (no growth) 

0 

0 

0 

0.5 per cent ammonium sulphate + 1 per cent glucose . . 

0 

0 

0 

0.5 per cent ammonium sulphate (no growth) 

0 

0 

0 


atinine. Therefore the series presented in table 3 was set up, 
with arginine substituted for glycine. With the exception noted, 
all conditions were identical in the two experiments. The re- 
sults of these tests are presented in table 4. It may be concluded 
that arginine is not so effective as is glycine for production of 
creatinine by Proteus. Moreover an examination of tables 
3 and 4 indicates that in the presence of the amino acid and 
glucose, ammonium sulphate cannot replace urea for formation 
of creatinine. 

Experiment 5. Inasmuch as glycine and arginine may serve 
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with urea and glucose as sources for formation of creatinine, it 
was determined to examine other amino acids individually for 
like effect. These were incorporated with 0.5 per cent urea and 
1 per cent glucose in the synthetic medium described previously 
and the results are shown in table 5. 

TABLE 4 

Production of creatinine from d-arginine HCl by Proteus 


Concentrations presented as milligrams per 100 cc. medium 


MEDIUM 

3 DATS 

7 DAYS 

M DATS 

0.1 per cent d arginine HCl 

0.1 

0 

0.15 

0.1 per cent d arginine HCl + 1 per cent glucose 

0.24 

0.52 

0.52 

0.1 per cent d arginine HCl 4- 0.5 per cent urea 

0 

0 

0 

0.1 per cent d arginine HCl + 0.5 per cent ammonium sul- 




phate 

0 

0 

0 

0.1 per cent d arginine HCl + 0.5 per cent urea + 1 per cent 


glucose 

0.28 

0 30 

1 2 

0.1 per cent d arginine HCl + 1 per cent glucose + 0.5 per 




cent ammonium sulphate 

0 

0 

0 


TABLE 5 

Production of creatinine by Proteus from a series of amino acids in 
presence of glucose 

Results are expressed as milligrams per 100 cc. of medium 


AMI^'0 ACID IK MEDIUM 

3 DATS 

14 DATS 


4.17 

4.0 


3.46 

2.0 


2.50 

1.5 


3.90 

4.6 


2.80 

2.08 


2.5 

2.3 


2.8 

3. 40 


2.08 

3.9 


2.30 

2.0 





Evidently creatinine can be formed by Proteus from all of 
these amino acids although glycine, cystine, aspartic acid and 
tyrosine are the most effective of the series. 

Experiment 6. In the work described thus far, glucose has 
been the form of carbohydrate utilized. It was desirable to 
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delermine whether another carbohydrate may be substituted 
for this hexose. A series identical to that given in table 3 except 
that a pentose, arabinose, replaced glucose was therefore inocu- 
lated M'ith Proteus. All other conditions were similar. Final 
readings vith the combination of glycine, urea and arabinose 
indicated the appearance of 0.22 milligram of creatinine per 
100 cubic centimeters rather than 3.0 which were obtained when 
glucose was present. Subsequent work showed galactose to 
afford 40 to 65 per cent of the effectiveness of glucose. Maltose 
upon hydrolifsis jdelds two molecules of glucose but when this 

TABLE C 


Production of creatinine by bacteria in media described 
Readings in terms of milligrams per 100 cc. of solution 


OnOAKlSM 

1 rerroKE 

WATEIV 

PEPTONE 

WATEIt 4* 1 tbh 

CENT GLUCOSE , 

0,1 PER CENT 1 
OLTCINE + 1 1 
PER CENT GLU- 1 
COSE + 0.5 PER 
CENT UREA 

0.1 PER CENT U 
ARGININE HCl 
+ 1 PER CENT 
GLUCOSE +0.6 
PER CENT UREA 

Proteus 

4.0 

5.4 

4.1 

2.7 

Proteus X 19 

5.0 

3.5 

4.4 

2.03 

Alcaligencs 

4.6 

4.4 

2.7 

2.0 

Mycobacterium phlci 

3.3 

4.1 

1.2 

2.05 

Mycobacterium smegmatis 

3.7 

4.0 

1.4 

2.00 

Bacillus sublilis 

3.9 

3.7 

2.0 

1.98 

Aerobacler aerogencs 

3.9 

4.1 

2.2 

2.23 

Escherichia communis 

4.8 

5.0 

1.7 

2.68 

Escherichia communior 

4.8 

4.8 

1.8 

1.46 

Escherichia lactici-acidi 

4.0 

4.1 

1.6 

I 2.05 


disaccharide in turn replaced glucose in the media, the 3 deld 
of creatinine was but 67 per cent of that produced by the mono- 
saccharide. In further work arginine was substituted for glycine 
and arabinose for glucose. Again it was indicated that the pres- 
ence of glucose is essential for production of the larger amounts 
of creatinine. 

Experiment 7. Three organisms were considered in the first 
studies, while Proteus alone was used for those designed to deter- 
mine production of creatinine. It was decided to amplify these 
findings by inclusion of additional forms. For this purpose, 
ten bacterial species were selected and with these was incor- 
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porated Proteus vulgaris to serve as a standard for comparison. 
Four media were utilized. Final readings of the concentration 
of creatinine and description of the media are presented in table 
6. Incubation extended over a period of fourteen days at 37°C. 
These results indicate that creatinine in considerable concentra- 
tion may be produced by a variety of bacterial species. With 
one exception it is demonstrated that more of the by-product 
is formed in the presence of peptone than with glycine alone and 
that in many instances, formation of creatinine is intensified by 
the presence of glucose. 

Experiment 8. It was demonstrated in table 4 that small 
amounts of creatinine may be produced from arginine. The 
presence of urea was repeatedly shown to be necessary if con- 

TABLE 7 


The ej^ect of manganese sulphate upon production of creatinine by Proteus 
Concentrations noted as milligrams per 100 cc. of medium 


MEDIUM 

3 PATS 

U PATS 

0.1 per cent d Arginine HCl -f- 1 per cent Glucose 

0.24 

0.52 

0.1 per cent d Arginine HCl -f 1 per cent glucose + 5 per cent 



of 0.1 Mol. MnSO< 

3.56 

3.12 

0.1 per cent GIj'cine -f- 1 per cent Glucose + 0.5 per cent urea. . 

2.3 

5.0 

0.1 per cent Glycine -1- 1 per cent Glucose + 0.5 per cent urea 



+ 5 per cent 0.1 Mol. MnSO* 

4.17 

5.0 


siderable concentrations of this compound are to appear. Ar- 
ginine contains within its molecular structure two portions: 

a guanidine group BN = ^ moiety of urea = 

I 

NH^ 

C, The question then arises as to whether either of these 

\NH ‘ 

is related to the production of creatinine by Proteus. Argmasc 
breaks down arginine with the formation of urea and ornithine. 
Thus, it destroj's the guanidine fraction. Hellerman and Perkins 
(1935) have demonstrated that salts of manganese and of cobalt 






rRECURSOnS to creatinine formation 


119 


may serve as activators of arginase. It was determined to 
observe whether the presence of an activator of arginase would 
stimulate formation of increased amounts of creatinine. 

Preliminary trials indicated that the cobalt would interfere 
but that manganese would not interfere with the reading of the 
reaction. Therefore, the following series presented in table 7 
was set up and results aS indicated after fourteen days incubation 
at 37°C. were obtained. 

From these data it is e^'ident that the destruction of the guan- 
idine portion of the molecule of arginine with resultant forma- 
tion of urea gives rise to the appearance of increased concentration 
of creatinine when exposed to the enzymatic action of Proteus. 
Additional e^^dence regarding the participation of urea in forma- 
tion of creatinine is adduced. 

DISCUSSION AND CONCLUSION 

Creatinine can be produced from peptone by a variety of 
bacteria but the peptone must be considered as a complex struc- 
ture involving many factors. Further consideration has proven 
that creatinine may be formed through bacterial action from 
various amino acids when glucose is present. In seeking for 
its precursors, creatinine has been treated as a compound con- 
taining two critical portions which are (1) acetic acid and (2) 
guanidine. It has been shown that glycine, urea and glucose 
when under the influence of Proteus vulgaris give rise to consider- 
able concentrations of creatinine. Other amino acids than 
glycine supply either the acetic acid moiety or urea necessary 
for the reaction. Added evidence regarding the importance 
of urea is presented by treatment of arginine by an activator 
of arginase. For production of creatinine by P. vulgaris urea 
may not be substituted by a salt of ammonium. The hexose 
glucose is the form of carbohydrate most readily utilized by the 
organism in the course of creatinine production. The precursors 
of creatinine as produced by Proteus are acetic acid moiety and 
urea or glycine and urea. 

We are indebted to Dr. V. R. Goddasd for her advice in this 
work. 
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INTRODUCTION 

Previous reports on the bactericidal action of antiseptics 
used in biologic products (Rosenstein and Levin, 1935; Falk and 
Aplington, 1936) showed that, when a given organism was 
inoculated into both broth and agar media, growth sometimes 
appeared in the agar and not in the broth and vice-versa. These 
findings could not be attributed to bacteriostatic action caused 
by insufficient dilution of the antiseptic present, since identical 
results were at times obtained in the control tubes containing no 
antiseptic. It was therefore indicated that neither broth nor 
agar used alone could be relied upon to detect organisms which 
may be found as contaminants (staphylococci, diphtheroids, 
and Pseudomonas pyocyaneus) in biologic products. These 
observations were later corroborated by Eldering and Kendrick 
(1936). 

A semifluid medium, 0.1 per cent agar, was recommended by 
Hitchens (1921) for the detection of bacterial contaminants, 
either aerobic or anaerobic, particularly in substances contain- 
ing a high percentage of antiseptic. While this medium has not 
attained the universal use that 0.03 per cent glucose broth has 
for testing the sterility of biologic products, it has been used in 
conjunction with this broth by Wadsworth (1927) and others. 

• Presented at the Thirty-Ninth General Meeting of the Society of American 
Bacteriologists, Washington, D. C. December 30, 1937. Journ. Bact. 36: 1, 75. 
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More recently, Spray (1936) reported that anaerobes previously 
considered difficult to cultivate, grew well on a semisolid rocdiuni 
without a seal. We have not found, however, any e.\-tended 
experimental or statistical studies which demonstrated that a 
semifluid, semisolid, or solid medium would be preferable to 
broth for the detection of the more common forms of bacterial 
growth, or as a substitute for the regular 0.03 per cent glucose 
broth for testing the sterility of biologic products. It seemed, 
therefore, advisable to make such a study, particularly since the 
use of two very different types of medium is obviously undesir- 
able in any laboratory concerned with large scale production of 
biologic products. 


EXPERIMENTAL METHOD 

The efficiency of different concentrations of agar in the medium 
used for the detection of bacterial growth was evaluated by 
(1) adding organisms directly to the test media; (2) adding or- 
ganisms to typical biologic products, containing preservative, 
and subculturing to the various test media; and (3) adding a 
biologic product known to have a bacterial contaminant to the 
various test media. 

Concentrations of agar in the test media varied from 2.0 to 
0.001 parts of agar per hundred (or one to 2000 parts of agar 
per 100,000). The media containing from one to 0,001 parts of 
agar per hundred were prepared by diluting 2 per cent biologic- 
products agar with sufficient biologic-products broth (containing 
0.03 per cent glucose) so that the desired concentrations of agar 
were obtained. The method of preparing these basic media 
has been described in previous papers (Rosenstein and Levin, 
1935 ; Falk and Appington, 1936), The media, made up in 300 cc. 
batches, were tubed aseptically in 6" x f" tubes, 10 cc. being 
delivered into each tube. Immediately before use the test 
medium was heated at 100°C. in the Arnold steriHzer for one 
hour, followed by quick cooling to 45°C. As in our previous 
studies, the test organisms were types which may be encountered 
as contaminants in biologic products. In fact the strains used 
were actually isolated from such products over a period of years. 
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In the experiments to be described here, the staphylococci, 
diphtheroids, and P. pyocyancus previously used were supple- 
mented by hay bacilli, streptococci and Escherichia coli. Eight- 
een-hour broth cultures, containing approximately 100,000,000 
organisms per cubic centimeter (colony counts varied from 60- 
000,000 to 250,000,000), of the above-mentioned organisms 
were diluted with broth so that the 10“* dilution contained ap- 
proximately 10,000 organisms per cubic centimeter, the 10~^ 
dilution 1000 organisms per cubic centimeter, the 10~® dilution 
100 organisms per cubic centimeter and the 10“'^ dilution 10 
organisms per cubic centimeter. A plate count was made to 
determine the exact number of organisms present in every 
experiment. One-tenth of a cubic centimeter of the appropriate 
dilution was then added to each of the various test media directly 
or to typical biologic products, which were subcultured to the 
test media. These tests were then incubated at 36°C. for seven 
days, during which time observations were made daily. All 
tests were carried out in duplicate, each complete series of tests 
being repeated at least once. The identity of organisms in 
tubes showing growth was checked by smears stained by Gram’s 
method. 


EXPERIMENTAL RESULTS 

Typical results are given in tables 1 to 3. In the first series 
of experiments, in which organisms diluted with broth were 
used, there was a striking variation in the rate and character of 
the growth of the organisms in the various test media. These 
differences were apparently dependent on the percentage of agar 
present. Growth was inhibited when the percentage of agar 
was too high as well as when the medium was too fluid (table 1). 
In all cases, when the concentration of agar in the medium was 
between 0.06 and 0.60 parts per hundred, growth was most 
luxuriant. This fact became increasingly evident as the size 
of the inoculum decreased. In fact, when the medium contained 
concentrations of agar between 1.0 and 0.12 per cent, the pres- 
ence of very few organisms could be demonstrated, whereas 
negative results were obtained in the media containing either 
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more or less agar in many cases. As might be expected, indi- 
vidual preferences for definite concentrations of agar in the 
medium were shown by the different test organisms. For 
example, staphylococci inoculated in small numbers did not 
grow in a medium containing less than 0.25 per cent agar, diph- 
theroids if the medium contained more than 1 per cent agar, 
P. 'pxjocyancus if more than 1 per cent or less than 0.25 per cent 
agar was present; hay bacilli on the other hand, showed growth 
in all the test media, but this growth was most luxuriant when 
the medium contained between 0.06 and 0.25 per cent agar. 

To determine the practical application of these results, another 
series of experiments was carried out in which actual routine 
working conditions were more nearly approximated. Results 
obtained when test organisms were added to t 3 rpical biologic 
products are shown in table 2. Typical products included a 
bacterial vaccine, an antitoxic globulin, and an antibacterial 
serum. Eighteen-hour broth cultures of each of the organisms 
were diluted vdth broth so that each cubic centimeter contained 
10,000 organisms; 0.5 cc. of this dilution was then added to sterile 
5 cc. samples of the above named products. Subcultures were 
made to the various test media after the culture had been 
in contact with the product for thirty minutes, since in most 
cases the preservative present might be expected to destroy 
the test organisms on continued standing. Again as in our 
first experiments, maximum growth was obtained when the 
concentration of agar in the medium varied from 0.06 to 0.50 
per cent. The exact optimum concentration of agar needed, 
as before, depended on the type organisms present. The inter- 
mediate environment to which the organisms had been subjected, 
also, seemed to influence the concentration of agar in the 
medium which produced the most luxuriant growth on subcul- 
ture. Organisms added to the bacterial vaccine corresponded 
most closely to the broth control, most luxuriant growth occur- 
ring in media containing from 0.12 to 0.5 per cent agar. On the 
other hand, organisms added to the antitoxic-giobuhn needed 
a more fluid medium, that is, one containing from 0.12 to 0.06 
per cent of agar; and organisms added to the bacterial serum 
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seemed to favor the media with concentrations of agar varjing 
from 0.12 to 0.5 per cent, often giving negative results if less 
than 0. 1 per cent agar was present. However, irrespective of the 
type of organism or its environment, optimum growth was regu- 
larly obtained in the media containing from 0.12 to 0.25 per 
cent of agar. 

Soon after the completion of these experiments, we were able 
to secure several vials of a product which had become contam- 
inated with a gram-positive aerobic bacillus in the process of 
manufacture. This particular product had shown growth in 
only one broth fermentation tube out of the twenty-five inocu- 
lated in routine sterility tests. The poured agar plates also showed 
no growth. For the experimental series of tests, 0.1 cc. portions 
from each vial were added to each of two tubes containing 10 
cc. of test medium. Results of these tests are given in table 3. 
Again, only one of the ten broth tubes inoculated showed growth, 
while good growth was observed in every tube in which the medium 
contained between 1.0 and 0.1 per cent of agar. This e.xperiment 
also demonstrated that the time at which growth was first observed 
in any one tube was influenced by the concentration of agar present. 
Good growth was first noticed in 48 hours in media containing con- 
centrations of agar varying from 0.12 to 0.25 per cent, but it 
required at least 96 hours to show the same type of growth in 
media containing more than 0.25 per cent agar or less than 
0.12 per cent agar, and as much as seven days when broth alone 
was used. 


PRACTICAL APPLICATION 

The experiments which have been described all showed that 
bacterial growth could be readily detected in media containing 
between 0.1 and 0.2 per cent agar. It therefore seemed ad- 
visable to use this medium' in conjunction with the regular bi^ 
logic-products broth for the routine testing of sterility of biologic 
products. All sterility tests were carried out following the rec- 
ommendations of the National Institute of Health, with the 
exception that one half of the volume of product to be tested 
was added to the broth in fermentation tubes, while the re- 
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maindcr was added to the 0.1 per cent agar medium. For 
routine purposes, the medium was dispensed in l" x l" metal 
capped tubes, each tube containing 35 cc. of medium. This 
medium received the same preparatory treatment as the 
biologic-products broth in fermentation tubes, that is, heating 
at 100°C. for one hour in the Arnold sterilizer, within two 
hours before use, followed by rapid cooling to 45°C. As has 
been pointed out by Wadsworth (1927), it is of the utmost 
importance that the 0.1 per cent agar medium be clear, so that 
individual colonies may be observed throughout the medium as 

TABLE 4 


T/ic comparative efficiency of biologic-products broth and 0.1 per cent agar for the 
detection of contaminants in biologic products 


LOT 

D.r. nnoTH 

• 0.1 PEn CENT AOAR 

Tubes 

inoculated 

Tubes con- 
taminated 

^ Contami- 1 
! nation 

Tubes 

inoculated 

Tubes con- i 
laminated 

Contami- 

nation 




per cert( 



per cent 

a 

42 

42 

100 

70 

63 

76 

b 

30 

3 

10 

30 

24 

80 

c 

CO 

17 

28 

100 

76 

76 

d 

60 

38 

63 

100 

14 

14 

e 

72 

8 

11 

120 

71 

59 

f 

92 

1 

0.9 

130 

34 

26 

e 

36 

0 

0.0 

60 

9 

15 

h 

100 

2 

2.0 

120 

19 

16 

i 

36 

1 

2.8 

60 

5 

8.3 

Total 

528 

112 

21.2 

790 

305 

38.6 


well as growth on the surface. Cloudy media necessitate sub- 
culture or the preparation of smears, in which case, any dead 
organisms present may cause confusion. To facilitate the in- 
oculation and reading of tests, whenever possible, the broth and 
0.1 per cent agar tubes were arranged in parallel rows in monel 
metal racks constructed for this purpose. Careful statistics 
were kept on the results obtained with these two media in the 
routine testing of the sterility of biologic products for a period 
of eight months. The comparative efficiency of the biologic- 
products broth and 0.1 per cent agar in the tests which showed 
bacterial contamination are given in table 4. Each lot showing 
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bacterial growth was retested at least once. The contaminating 
organisms in these lots were Gram-positive aerobic bacilli. The 
adoption of the mixture of phenol and merthiolate, as a preserv- 
ative in most biologic products has markedly reduced the con- 
taminations caused by P. pyocyaneiis, diphtheroids and staphy- 
lococci, but this mixture is not effective against sporebearing 
organisms of the hay bacillus group. In general, growth was 
demonstrated in approximately twice as many of the 0.1 per 
cent agar tubes as in the biologic-products broth tubes. If 
only a light contamination was present, few if any broth tubes 
shouted growth, in contrast to from 8 to 26 per cent of the tubes 
containing 0.1 per cent agar. In fact, in one of these nine lots 
showdng growth, the product w'ould have been released as sterile 
had only broth fermentation tubes been inoculated. On the 
other hand, where the contamination was extensive, growth was 
observed in both types of medium, but in most cases growth 
appeared earlier and w'as detected in more of the 0,1 per cent 
agar tubes. This was, however, reversed in two cases, one in 
which slightly more of the broth tubes showed growth, and 
another in which the apparent difference was more significant, 
only 14 of the 0,1 per cent agar tubes showing growth in con- 
trast to 63 per cent of the broth tubes. We have also observed 
that the inclusion of the 0.1 per cent agar medium offers a great 
advantage over the exclusive use of biologic-products broth in 
fermentation tubes in that this medium contains just enough 
agar to permit the formation of separate colonies, thus per- 
mitting a quantitative estimate of the extent of the contamina- 
tion present. 


StJMAIAEY AND CONCLUSIONS 

These experiments demonstrate the value of using a medium 
containing small percentages of agar (0.06 to 0.25 per cent) 
for the detection of bacterial growth. This applies even io such 
common forms as hay bacilli and staphylococci, wWch arc 
ordinarily considered easy to cultivate. Since little difference 
in growth could be detected in media containing between 0.1 
and 0.25 per cent agar, 0.1 per cent agar was chosen for com- 
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parative tests with 0.03 per cent glucose biologic-products 
broth for the routine testing of biologic products for sterility. 
(It is of interest as has been mentioned in the introduction to 
note that this medium was suggested by Hitchens in 1921, 
but did not obtain the universal aeceptance that biologic-prod- 
ucts broth did.) The results of our routine tests with 0.1 per 
cent agar have confirmed our experimental findings, as well as 
confirming and extending those of Hitchens (1921) and Spray 
(1936). The adoption of a semifluid medium as a standard 
means of detecting and giving a quantitative estimate of the 
extent of bacterial growth in biologic products can therefore be 
recommended. Applications to other materials and procedures 
involving bacterial growth are also indicated. 

REFERENCES 

Eldeking, G., and Kenduick, P. L. 1936 Some practical considerations in 
B. pertussis vaccine preparation. Am. Jour. Pub. Health 26: 506-511. 
Falk, C. R., and Aplington, S. 1936 Studies on the bactericidal action of 
phenol and mcrthiolate used alone and in mi-xturcs. Am. Jour. Hyg., 
24: 285-308. 

Hitchens, A. P. 1921 Advantages of culture mediums containing small per- 
centages of agar. Jour. Inf. Dis., 29: 390-407. 

Rosenstein, C., and Levin, I. 1935 The bactericidal and antiseptic action 
of preservatives frequently used in biological products, and the effect 
of these preservatives on the potencies of the products. Am. Jour. 
Hyg. 21: 260-279. 

Spray, R. S. 1936 Semisolid media for cultivating and identification of sporu- 
lating anaerobes. Jour. Bact. 32: 135-155. 

Wadsworth, A. 1927 Standard Methods. Williams & Wilkins, 93, 544. 




DOUBLE-ZONE BETA-HEMOLYTIC STREPTOCOCCI 

Their Cultural Characteristics, Serological 
Grouping, Occurrence and Pathogenic 
Significance 

J. HOWARD BROWN 

Dcpartmcnl of Palhology and Bacleriology, Johns Hopkins University, 
Baltimore, Md. 

Received for publication August 1, 1938 

The appearance of double-zone beta-hemolytic streptococci 
in blood agar has been described in a previous publication 
(Brown, 1937b). If this striking appearance were one which 
might be displayed by various hemolytic streptococci it would 
be nothing more than an interesting phenomenon. Since it is 
found to be correlated with certain cultural reactions and sero- 
logical groupings it assumes systematic and diagnostic significance. 
Its practical value is enhanced because it often enables these 
streptococci to be recognized in the primary blood-agar plate, 
even before pure cultures have been obtained. 

This report embraces a study of 188 strains, of which 138 are 
from human sources and 50 of animal origin. Eighty-six strains 
were received from other workers (R. C. Lancefield, H. Plummer, 
R. B. Little, G. J. Hucker, L. IGrschner, J. M. Murphy, W. D. 
Frost, J. M. Rosell, E. I. Parsons). Of these strains 55 were 
from Lancefield, including 33 isolated by Ronald Hare, 6 by 
M. H. Dawson and 10 by W. N. Plastridge, the remaining 102 
strains were isolated in the author’s laboratory. 

As indicated in a previous publication (Brown, 1937a), three 
fermentative groups of double-zone beta-hemolytic streptococci 
were found with reference to lactose and salicin: lactose — , 
salicin-t-; lactose -f, salicin -t-; and lactose -f, salicin — . All 
strains hydrolysed sodium hippurate and fermented glucose, 
sucrose and trehalose; none fermented mannitol, raffinose, inulin 
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or sorbitol. The final pH in glucose broth was 4.3 to 4.9; all 
but three of the strains 'udthin 4.4 to 4.6. Eight strains, including 
representatives of the three fermentative groups, were tested 
for the fermentation of other substances and all gave the fol- 
lowing results: levulose, galactose, maltose, gl5^cogen and de.xfrin 
fermented; inositol, adonitol, dulcitol, xylose, arabinose, rhani- 
nose and esculin not fermented. 

For the determination of the fermentation reactions of streptococci, 
three precautions are regarded as essential: the basic medium must be 
one which supports good growth of the organisms in the absence of 
fermentation; the test sugars, other than glucose, must not be sterilized 
in the medium; the cultures must be incubated sufficiently long to 
detect slow fermentations. In these studies, the basic medium has 
been broth made from fermented meat infusion to each tube of which 
3 or 4 drops of sterile ascitic fluid were added asepticallj. The carbo- 
hydrates (5 or 10 per cent solutions in distilled water) were sterilized 
in the autoclave or by filtration and added aseptically to the sterile 
fermented broth. Before inoculation the media were incubated to 
determine sterility. The cultures were incubated for at least five days 
before final readings were made by determining the pH of the glucose 
broth cultures and noting the color of the brom-cresol-purplc which 
was used as an indicator in the other sugar media. The importance 
of the above precautions was demonstrated by the study of a number 
of strains received from other laboratories and reported in the literature 
as fermenting lactose when tested in Hiss serum water. When these 
strains were retested by us, they fermented lactose which had been 
added to Hiss serum water before sterilization, but in Hiss serum water 
and in fermented infusion broth with lactose added aseptically, there 
^Yas no fermentation, although good groudh occurred. 

The hydrolysis of sodium hippurate was determined in infusion 
broth containing 1 per cent of sodium hippurate. Before testing with 
ferric chloride reagent, distilled water was added to the preinously 
marked tubes to replace water lost by evaporation during storage and 
incubation. By obser\ring this precaution, and by using a properly 
balanced and tested reagent, we have never failed to obtain definite 
and consistent results. 

Twentj^'Seven strains of double-zone hemolytic streptococci 
were inoculated onto 40-per cent bile agar. In comparison with 
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hemolytic streptococci of serological groups A and C most of 
the strains grew well although a few showed only meagre growth. 
Our impression is that medium containing 40-per cent bile is not 
sufficiently differential for final differentiation of the streptococci. 

Twenty-one of the double-zone strains of human and bovine 
origin and representing all of the three fermentative groups were 
tested for fibrinolytic activity against human plasma by the 
technique of Tillett and Garner (1935). None was fibrinolytic. 

■^^Tiite mice were inoculated intraperitoneally with 0.5 cc. of 
over-night ascitic-fluid broth cultures of most of the strains. 
The results are shown in table 1. The mice were observed for 
a week after inoculation. When death occurred it was usually 


TABLE 1 

Jfcsulls of injection into mice 




1 MICE 

BOUnCE 

FERMENTATIVE GROUP 





Survived | 

Died 

[ 

Lactose — , Salicin + 

17 

61 

Human i 

Lactose -I-, Salicin + 

15 

36 

i 

Lactose Salicin — 

1 

5 

^ . I 

Lactose +, Salicin + 

20 

5 


Lactose +, Salicin — 

16 

1 

Guinea pig 

Lactose — , Salicin + 

1 

2 

Rabbit 

Lactose — , Salicin + 


1 

Horse 

Lactose +, Salicin + 

1 



within 48 hours. If the inoculation of mice with such large 
amounts of culture is of any significance, it would appear that 
strains of the lactose — , sahein-j- group are more frequently 
pathogenic for mice than are the other strains. It also appears 
that the human strains of whatever fermentative group are more 
frequently pathogenic for mice than are the bovine strains. 

When hemolysin tests were carried out by adding 0.5 cc. of a 
5-per cent suspension of washed rabbit-blood erythrocytes to 
0.5 cc. of young serum broth cultures and incubating for two 
hours, the double-zone hemolytic streptococci were variable in 
their reactions, i.e., different strains produced various amounts 
of hemolysis, from shght to complete. Most strains produced 
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moderate hemolysis. The amount of hemolysis was independent 
of the source or fermentation reactions of the strains. These 
streptococci are therefore less consistently hemolytic by this test 
than are strains of serological groups A and C. 

All of the 188 strains of double-zone beta'hemol 3 ''tic streptocoeei 
studied have been found to belong to Lancefield’s serologic.al 
group B by the precipitin test. Seventy-five of these strains had 
been grouped bj’’ other investigators (Lancefield and Plummer) 
using the Lancefield technique (1933). Most of them, and all of 
the remaining strains, were also grouped by us, using the micro- 
scopic technique of Brown (1938). We have also encountered a 
few hemol 3 diic streptococci of bovine origin falling into group B 
which did not produce double zones in our media but which were 
otherwise culturally like the double-zone strains. It may be 
said, therefore, that according to our experience to date, all 
double-zone beta-hemolytic streptococci belong to serological 
group B but that there may be a few strains of group B which do 
not produce double zones under the conditions which we have 
employed. 

Sixty-seven of the double-zone strains have been serologically 
“t3q3ed” by Lancefield or Plummer. No close correlation of 
source, fermentative characters and serological tjq^es was ap- 
parent. Further study will be necessary to determine whether 
there is any correlation. 

In table 2 the specific sources and the fermentative groups of 
all of the double-zone beta-hemolj’^tic streptococci studied are 
listed. In human beings the throat and the genito-urinary tract 
may be regarded as their habitat. Of the 22 throats from which 
strains were isolated, only two were described as “sore” and it is 
not certain that the condition of these two was due to the double- 
zone streptococci. Nothing is known of two of the tonsil cases 
and the other two tonsil strains were recovered from removed 
tonsils, one patient having complained of frequent sore throat. 
These were the only strains found in the examination of 100 pair.« 
of removed tonsils. Again, the relation of the double-zone 
streptococcus to the clinical condition is unknown. Most of the 
46 vaginal strains were taken post-partum from women witli 
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afebrile puerperium. One was from a woman with a post-partum 
temperature of 100°F. but without other evidence of infection 
reported. A few strains were found ante-partum during routine 
examinations. Of the 32 urine cultures all were from cases of 


TABLE 2 

Sources and fermentative groups of human strains studied 


BoirnCE: (uuman) 

I^CTOSE — 
SALlClN-f 

LACTOSE + 
8ALICIN-f 

t.ACr09E+ 
SAUCIN — 

Throat 

7 

9 

6* 

Tonsils 

2 

2 


Vagina 

20 

26 


Urine 

26 

6 


(Probably derived from the mouth or 




throat) 




Sinus 

1 



Lung 

I 10 

4 


Heart blood, 15116 

1 



Neck abscess 


1 


(Probably derived from the genito-urinary 




tract) 




Pelvic abscess 




Blood (abortion) during life 


1 


Knee 




Heart blood, post-mortem 




Peritoneum 


1 


(Infections of obscure origin) 




Peritoneum 


1 


Ventricular fluid (hydrocephalis) 

1 



Gangrenous leg 

1 



Source unknown (Lancefield 090) 


1 



* These six strains were obtained from Plummer and are representative of 
those found by her in the throats of children in Institution B. 


urinary tract infection (cystitis, pyelitis, urethritis, prostatitis). 
Three-fourths of them were from women. In sixteen instances 
no other organism than the double-zone beta-hemolytic strepto- 
coccus was obtained in culture and the latter was often present 
in large numbers. There seems no doubt that these streptocci 
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may be a cause of such infections of the urinary tract. It is to 
be noted that most of the strains recovered from urine failed to 
ferment lactose. 

Hare and IMaxted (1935) were unable to find hemolytic strepto- 
cocci of serological group B in the stools of 150 women examined. 
Smith and Sherman (1938) reported sLx strains isolated from 
human feces. The normal throat and the vagina of some indi- 
viduals appear to be the habitats of double-zone beta-heinolytic 
streptococci. From these sources infection may occur, as indi- 
cated in table 2. Some of the cases may be worthy of discussion. 

Fourteen strains were obtained from lungs at autopsy but ahva}'s 
mixed with other organisms. The pathogenic role of the double-zone 
streptococci is doubtful in these cases. 

Case 15116 was one of typhoid fever of several weeks duration (male, 
age 36). At autopsy there v'as no perforation of the intestine and no 
peritonitis but there were found purulent sinusitis, otitis media and a 
deep ulceration of the vocal cord ex*tended into the cartilage. At the 
base of the ulcer were masses of Gram + cocci. From the heart blood 
at autopsy there were obtained large numbers of double-zone hcmoljdic 
streptococci and a smaller number of colon bacilli. It seems probable 
that death was due to terminal blood stream infection by double-zone 
streptococci derived from the throat. 

The pehdc abscesses were in women and in one of them the double- 
zone streptococcus was found in pure culture. 

In the fatal case of septicemia following abortion 100 double-zone 
hemobdic streptococci per cubic centimeter of blood were found in 
pure culture during life. 

From an arthritis of the knee, double-zone hemobdic streptococci in 
large numbers were found in pure culture. A similar organism was 
foimd in small numbers in the blood stream. There had been a chronic 
pyuria and the patient was diabetic. Death followed operation on the 
knee but the cause of death was not determined. 

In six other cases double-zone hemolytic streptococci were cultured 
from the heart blood post-mortem. Three of the cases were infants 
in the blood of whom only the streptococci were found; one lived only 
24 hours after birth, one four days with hemorrhagic disease of the 
new-born, and one was bom prematurely but lived for one montii. 
Infection may have been contracted from the mothers at birth. The 
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other three cases were adults with pathological findings which suggest 
possible infection from the genito-urinary tract (carcinoma of the blad- 
der, pyelonephritis and cystitis, arsphenamine poisoning with salpingitis 
and cysts in the ovaries and cervix uteri). 

In three cases peritoneal infection appeared to be correlated with 
genito-urinary lesions (abscess of the broad ligament, carcinoma of the 
prostate and adenoma of the kidney, pyelonephritis and cystitis). 

In three cases the infections were of obscure origin and in the ven- 
tricular fluid of one of them the double-zone streptococci were found in 
pure culture. 

Reference to table 3 shows that 80 of the strains isolated from 
human beings were of the lactose — group and that 18 of the 

TABLE 3 


Strains from all sources 


SOURCE 

LACTOSE— 

SAUCIN-h 

I.ACTOSE + 
SAUCIN-f 

LACT03E+ 

BAUaN— 

Human 

80 

52 

6* 

Bovine 


27 

18 

Guinea pig 

3 



Rabbit 

1 



Horse 


1 


Totals 

84 

80 

24 


* These six strains were obtained from Plummer and are representative of 
those found by her in the throats of children in Institution B. 


strains from cow’s milk were of the salicin — group. To date, lac- 
tose — strains have not been reported from bovine sources and 
salicin — strains have not been reported from pathological condi- 
tions in man. It is obvious that the human infant may have an 
opportunity to acquire double-zone hemolytic streptococci at 
birth. There certainly is no evidence that the lactose — strains 
found in man are derived from cows milk. Judging by their histo- 
ry (Plummer, 1934) the 6 salicin — strains isolated from children’s 
throats may have been of bovine origin. If the human throat 
may serve as a carrier of salicin — strains derived from milk, there 
appears no reason why it may not also carry lactose -f-, salicin -f 
strains from milk, but it does not foUow that all such strains are 











140 


J. HOWARD BROWN 


from milk. Strains fermenting both lactose and salicin wore 
from both human and bo^dne sources and appear to be alike by 
current methods of study, but to speculate as to whether sucli 
strains found in man were originall}’- bovine seems as fruitless as 
would be an effort to determine whether the colon bacilli origi- 
nated in the intestinal tract of the cow" or man. The patho- 
genic role of these streptococci for man bears a certain similarity 
to that of the colon bacilli. In the blood stream they may 
produce septicemia; in the abdomen, peritonitis; in the urinary 
tract, cystitis or pyelitis; they may infect sinuses or produce 
localized abscesses in various parts of the body. The invasion of 
the blood stream by double-zone hemolytic streptococci is not 
always fatal. We have on reeord a case of puerperal sepsis 
(retained placenta) in which the streptococci were found in the 
blood for nearly two months, followed by recovery. The prog- 
nosis for infections with these streptococci is more favorable 
than for infections with group A streptococci. The more than 
sixty strains in our collection from human autopsies and patho- 
logical conditions gives undue prominence to their pathogenicity. 
From 2000 autopsies cultured in this laboratory there were 
isolated 307 strains of beta-hemolytic streptococci and onl}’’ 45 
of these were double-zone streptococci. Very few of the latter 
could be suspected as the cause of death, and in many instances 
they were of no greater significance than other terminal or post- 
mortem invaders. In other than a hospital population one 
might collect a large number of such strains without encountering 
pathological conditions. These streptococci are often harbored 
by normal individuals. They appear to be opportunist patho- 
gens, as are many other organisms normally harbored by man, 
and there is no evidence that they cause contagious disease or 
are of epidemic significance. 

There is evidence that the lactose -f, salicin + and the lactose 
+, salicin - double-zone beta-hemolytic streptococci arc of cpi- 
zokic importance. Of the 45 strains from cow’s milk, twenty- 
seven, including all but one of the salicin - strains, were from 
individual cows with clinical mastitis; five were received from 
other laboratories, labeled Streptococcus mastitidis; and the re- 
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maining fourteen were from mixed milk or were simply labeled 
"from milk” when received. Both the lactose -f, salicin -f and 
the lactose -b, salicin — straizis are causes of mastitis and prob- 
ably are commonly transmitted from cow to cow during milking. 
R. B. Little (1937a) has shown that experimental mastitis may be 
produced with small amounts of culture introduced beyond the 
sphincter without injury to the teat, or by allowing the teat to 
aspirate culture or contaminated milk from a dish held in the 
hand (1937b). By the former method, Little (1938) produced 
mastitis in fii'st-calf heifers with six double-zone beta-hemolytic 
streptococci isolated by us from human sources. See table 4. 

In view of the above results there must be entertained the 
possibility of the infection of cows with double-zone streptococci 

TABLE 4 


Strains used for inoculation of cows udders 


STnAIN 

eouncE 

1 

BEnOLOOICAI# 

j FEnUENTATION 

Group 

Typo 

Lactose 

Salicin 

Nr 

Septicemia following abortion 

B 

III 

+ 


Fy 

Normal throat 

B 

II 

+ 


T78 

Removed tonsil 

B 

Unclassified 



BB 

Blood of new-born infant 

B 

Ib 



Gn 

Normal throat 

B 

Ib 



Py 

Urine: cystitis 

B 

III 

H 



of human origin by the hands of milkers. That it may not 
happen frequently is indicated by the relative infrequency of the 
infection of the udder by group A hemolytic streptococci and by 
the absence, to date, of reports of the isolation of lactose — , group 
B hemolytic streptococci from the udder. It would appear that 
the human' carrier needs to be considered, in attempts to eradicate 
mastitis from herds of cattle. 

Among the double-zone beta-hemolytic streptococci studied 
were five from other animals than cows (table 3). Three strains 
were from guinea pigs, two from infected eyes and one from a 
foot, reported by Parsons and Hyde (1928). One strain was 
from a rabbit (Lancefield’s strain K 158 A) used for testing 
vaccine virus. The above four strains were lactose — , salicin -f. 
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The fifth strain was lactose +, salicin + and was isolated in 
1908 from a horse v.ith the diagnosis of "strangles.” The stock 
strain has not been subjected to animal passage since its isolation. 
No other details of the case are known. 

The lactose + double-zone beta-hemoljdic streptococci would 
fall into "Group Ib” mastitis streptococci as described by Minett 
(1935), the Streptococcus agalactiae of some authors and the 
Streptococcus mastitidis of others. The tendency of some is to 
recognize both hemolytic and non-hemolytic varieties under 
these species, since both are common causes of mastitis and some 
of the non-hemolytic strains are reported to belong to serological 
group B and to be similar to the hemoljdic strains except with 
regard to hemolysis. However, only a limited number of cultural 
tests have been employed and the discovery of other tests may 
reveal significant differences as was the case vdth Streptococcus 
pyogenes and some of the animal strains of serological group C 
previously indistinguishable from Streptococcus pyogenes. Frost, 
Gumm and Thomas (1927) proposed the name Streptococcus 
asalignus for the salicin — hemolytic streptococcus from milk 
which probably is identical with our lactose -f-, salicin - double- 
zone hemolytic streptococcus. Frost and Engelbrecht (in press) 
propose the name Streptococcus mastitidis for the hemolytic 
lactose -b, salicin + mastitis streptococcus and the name Strepto- 
coccus agalactiae for the otherwise similar non-hemolytic mastitis 
streptococcus. There is equally good reason for giving a specific 
name to the lactose — , salicin -t- double-zone beta-hemolytic 
streptococcus belonging to serological group B. It would be a 
convenience to be able to designate these cultural entities by 
specific names, since the use of more general terms, the letters 
of the alphabet and even the Roman and Arabic numerals is 
becoming confusing and is meaningless without reference to the 
indi\T.dual author cited. However, this is a situation vhich 
probably should be tolerated until more is known about the 
meaning of bacterial species in a rapidly developing field of study. 
The inclusion of more than one species in a single serological 
group need be no deterrent, since most authors recognize .several 
species of hemolytic streptococci in serological groups A, C and 
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D. Neither need the finding of similar type antigens in bacteria 
of different species or genera be disturbing (recently discussed 
by Lancefield, 1938). It would appear that a species of Strepto- 
coccus need not be limited to a single serological type but should 
not transcend a serological group. I question whether strepto- 
cocci of the same serological group and type need be placed in 
the same species if they show stable cultural differences. 

No instability nor variability has been noted in the strains of 
double-zone beta-hemolytic streptococci in our possession al- 
though some of them have been under observation for twenty- 
five years. 


SUMMARY AND CONCLUSIONS 

Double-zone beta-hemolytic streptococci are found in the 
throats and vaginae of many normal persons. They are also a 
common cause of mastitis in cows. 

These streptococci fall into three fermentative groups : lactose 
— , salicin -f ; lactose -f, salicin -b; and lactose +, salicin — . 

All of the 188 strains examined belong to Lancefield’s sero- 
logical group B by the precipitin test. 

In man, the lactose — , salicin -b and the lactose -b, salicin -b 
strains may assume the role of opportunist pathogens, producing 
infections in various parts of the body and rarely may cause fatal 
septicemia. The source of such infections may usually be 
traced to the throat or genito-urinary tract. There is no evidence 
that these streptococci are of epidemic significance. 

In cows, the lactose -b, salicin -b and the lactose -b, salicin — 
strains are common causes of mastitis. The lactose — , salicin + 
strains have not been found in cows although they are capable 
of producing mastitis when inoculated into the udder. 

In attempts to eradicate mastitis from dairy herds the human 
carrier of these streptococci should be considered. 

The recognition of the double-zone hemolytic streptoocci 
supphes additional reason why diagnostic laboratories should no 
longer report all hemolytic streptococci as Streptococcus hemo- 
lyticus, a term which is inadequately informative and of doubtful 
validity as a specific name. 
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The author is grateful to those who have supplied cultures for 
this study, especially to Dr. Rebecca C. Lancefield, not only 
for many cultures but also for the serological grouping and 
typing of strains submitted to her. 
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It has been known for many years that bacteria, cultivated 
upon a specific substrate, may not ferment other materials unless 
cell multiplication occurs. Karstrom (1930) observed that cells 
grown in the presence of one sugar, then suspended in solutions 
of other sugars under conditions preventing multiplication, could 
not ferment the new sugars for long periods of time, if at all. 
Stephenson and Strickland (1933) showed that there was no 
natural selection in the case of formate adaptation by Escherichia 
coli and that the formation of the enzyme can occur while no 
cell division is taking place. Stephenson and Yudkin (1936) 
observed that top yeasts can adaptively ferment galactose with- 
out cell multiplication but no adaptation could be obtained with 
cultures incapable of growth. They state, however, that a study 
of their total and viable counts suggests that it is not the viable 
cells alone which are capable of adaptation. Stephenson and 
Gale (1937) found that the galactozymase of Escherichia coli 
was formed only when growth occurred in the presence of the 
specific substrate. .This adaptation was proportional to the 
number of cells which had divided in the presence of the galactose. 

The following experiments are the result of a search for the 
factors controlling the mechanism of adaptation. Old cells adapt 
themselves slowly if at all (Karstrom 1930) and young, growing 
cultures produce the new enzyme easily. Therefore, experi- 
ments were designed to test cells of various ages and to determine 

* Now with the Department of Bacteriology, Oregon State College, Corvallis, 
Oregon. 
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the stage of growth during which new enzymes are most easily 
manufactured, 

METHODS 

All of the experiments were performed with a culture of 
Stveptococcus lactis (No. 125) which ferments all of the sugars 
characteristic of that organism when grown in nutrient media 
containing the various carbohydrates. The cells were grown in 
a medium consisting of 0.5 per cent peptone, 0.5 per cent tryptonc, 
1.5 per cent phosphate buffer at pH 7.0 and 0,5 per cent of the 
chosen carbohydrate (Rahn, Hegarty and Deuel, 1938). inien 
the culture was at the desired age, the cells were centrifuged and 
resuspended in a solution containing 0.5 per cent peptone, 2.0 
per cent phosphate buffer at pH 7,0 and 2.0 per cent of the carbo- 
hydrate to be tested. A heavy suspension of cells was used. 
With full-grown cultmes, the cells from 250 cc, of medium were 
resuspended in 50 cc. of a 2 per cent buffer solution, and with 
growing cultures the ratio was changed accordingly. Frequent 
plate counts and Petroff-Hausser counts (Knaysi, 1935) showed 
no indications of growth in any of these suspensions. The rate 
of fermentation was determined by titration of 5.0 cc. samples 
with n/10 NaOH. If the cells were difficult to obtain, 1,0 cc. 
samples were titrated with n/18 NaOH, using a micro-burette. 

Preliminary experiments showed that the enzymes attacking 
glucose, fructose and mannose were constitutive, i.e., produced 
under all circumstances, while the enzymes attacking all of the 
other sugars were adaptive, according to the terminology of 
ICarstrom (1930), 

A 12-hour old culture in glucose medium was centrifuged, and 
the cells resuspended in the buffer solution. One-third of thi.s 
contained 2 per cent glucose, one-third 2 per cent sucrose, and 
one-third 2 per cent sucrose + 0.2 per cent glucose. Glucose wa.s 
fermented from the start. No measurable acidity was produced 
from sucrose within 5 hours. The cells in sucrose -f 0,2 per cent 
glucose produced 0.18 per cent lactic acid within the first hour, 
utilizing the glucose, but no further fermentation occurred until 
after 5 hours. The initiation of fermentation of one sugar had 
no effect upon acid production from other sugars. 
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A series of experiments was designed to determine the effect 
of the age of the culture upon adaptation. The cells were grown 
in glucose-tryptone broth, centrifuged. out after various periods 
of incubation, and placed into buffered solutions of glucose and 
sucrose. Table 1 shows the gradual development of lactic acid 
from glucose and sucrose by cells centrifuged at various ages of 
the culture. All of the cells, regardless of age of the culture, 
fermented glucose from the start at rapid rates. The cells 
centrifuged when the culture was 2 hours old started fermenta- 
tion in the sucrose medium earlier than cells obtained when the 

TABLE 1 


Per cent lactic acid formed from glucose and sucrose by glucosc-grown cells of various 

ages 


AQC OF 

BUQAIl 

1 


TuiE IN nouns 




1 

2 

3 

4 

5 

6 

hours ^ 
2 1 

Glucose 

.45 

.50 

.57 

.57 

.58 

.58 

2 

Sucrose 

.00 

.05 

.09 

.14 

.16 

.19 

12 

Glucose 

.23 

.38 

.41 

.45 

.47 

.48 

12 

Sucrose 

.00 

.00 

.00 

.03 

.03 

.03 

24 

Glucose 

.09 

.22 

.31 

.43 

.51 


24 

Sucrose 

.00 

.00 

.00 

.03 

.04 

.04 

48 

Glucose 

.04 

.10 

.14 

.21 

.26 


48 

Sucrose 

.00 

.00 

.00 

.00 

.01 

.01 


culture was older and adaptation required more time as the age 
of the culture increased. 

A more extensive study was made of adaptation to galactose. 
13.5 liters of glucose-tryptone broth were inoculated with 1.5 1. of 
a 36-hour culture of Streptococcus lactis. At the start and after 
every hour, samples of this culture were centrifuged and the 
cells resuspended in buffer plus glucose or galactose. The curves 
of these fermentations are shown in figure 1. Glucose was 
fermented from the start by cells of all ages. The number of 
cells per cubic centimeter of suspension could not be kept the 
same. The suspensions from the 3- and 4-hour old cultures 
contained about twice as many organisms per cubic centimeter as 
the 1- and 2-hour suspensions. The fermenting capacity per ceU 
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per hour was 14.5 X 10 mgm. glucose for the 1 hour cells and 
had dropped to 9.3 X lO-*® mgm. when the culture was 4 hours 
old. These facts account for the differences in the rate of 
glucose fermentation. 

Quite different are the fermentation curves for galactose. The 
cells collected when the culture was 1 hour old started" fermen- 
tation soon after resuspension while the 4-hour eells required 9 
hours for adaptation. Cells collected after longer periods of 



Fig. 1 


incubation (not shown on the graph) did not produce any acid 
for 13 hours. The growth curve of the original culture supplying 
the cells for this experiment (fig. 2) showed that after 1 hour, the 
cells were just coming out of the lag phase. It is evident that a.s 
the culture passes from the stage of physiological youth into the 
logarithmic phase, adaptation becomes slower. Plate counts and 
Petroff-Hauser counts were made of all suspensions at frequent 
intervals and no increases in the numbers of cells could be 
detected. 
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Two other sets of experiments were performed in the same 
way, but with different sugars. In one, the cells were grown in 
glucose, and resuspended in buffer plus glucose, galactose, 
lactose, or sucrose. In the other experiment, the cells were 
gi'own in maltose, and tested in glucose, maltose, and sucrose. 
In general, the results were the same as those obtained before, as 
may be seen from table 2. Glucose-grown cells fermented glucose 
from the start. They showed rapid adaptation to galactose when 



eRCnyTH CURVE OF CULTUHE SUPPLYING GLUCOSE-GROWH CELLS 

Fig. 2 

obtained from a physiologically young culture, but required long 
initiation times when the culture was older. In lactose, the 
delay was 8 hours, with cells obtained from a physiologically 
young culture, and 20 hours, with cells from older cultures. 
The glucose-grown cells in sucrose showed no delay when the 
culture was just coming out of the lag phase. A growth curve 
showed that this culture had a 2-hour lag phase and therefore 
the cells centrifuged after 2 and 3 hours were physiologically 
young. The cells from older cultures exhibited a short delay. 
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In another experiment there was an adaptation time of 5.5 hours 
before gIucose-gro\^’n cells produced acid from maltose. 

The maltose-gro'um cells from cultures of all ages showed no 
delay in either glucose or maltose. This is not unexpected as the 
organisms had produced the adaptive maltase during growth in 
the original maltose culture, and the glucose enzjone is consti- 
tutive. hlaltose-grown cells in sucrose required a short adap- 
tation period when old, but showed no delay during phj’^siological 
youth. It is interesting that maltose-grown cells from older 
cultures initiated fermentation in sucrose more rapidly than 
similar cells growm in glucose. 


TABLE 2 

Hours delay before adaplalion occurs by cells of various ages grown in glucose and 

maltose 




GUOVTK IN CLtrCOSE 


[ auOWN IN MAMO'E 

AGE OF CELLS 

Hours required for adaptation when placed in 


Glucose 

Galactose 

Lactose 

Sucrose 

Glucose 

Maltose 

Sucrose 

36 

0 

18 

29 

8 

0 

0 

1.5 

1 

0 

1.5 

8 

0.5 

0 

0 

0 

2 

0 

3 

9 

0 

0 

0 

0 

3 

0 

7 

15 

0 

0 

0 

0 

4 

0 

9 

16 

1.5 

0 

0 

0 

6 

0 

13 

20 

3 

0 

0 

0.5 

8 

0 

13 

20 

4 

0 

0 

0.75 

10 

0 

13 

20 

4 

0 

0 

0.75 


In every case where it w^as necessary for the organisms to adapt 
themselves to a new carbohydrate, the cells obtained from physio- 
logically young cultures accomplished this much more rapidly 
than cells from a later stage of growth. 

DISCUSSION 

These e.xperiments have shown that at the end of the lag 
phase, before the maximal growth rate or the logarithmic pha.=e 
is reached, the cells are most adaptable to new types of food. 
During the logarithmic phase, while the rate of growtli remain.s 
constant, adaptability decreases rapidly. 
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At this stage of early development, the cells are quite different 
from cells of slightl}'^ older cultures as was first shown by Sherman 
and Albus (1923) who termed them physiologically young. Later 
Bayne-Jones and Ehees (1928), Walker, Winslow, Huntington 
and Mooney (1934), Mooney and Winslow (1935) Huntington 
and Winslow (1937) and others have shown that the rate of 
metabolism per cell (production of heat, CO 2 , NHs, oxygen con- 
sumption, etc.) is maximal just before the logarithmic growth 
rate is reached. 

Hershey and Bronfenbrenner (1938) state that "correlations 
of viable counts, centrifugeable nitrogen and turbidity, with 
oxygen consumption, indicate that the increased metabohsm 
during the early portion of the growth period is quantitatively 
referable to increased average size of cell,” which is not in com- 
plete agreement with the work of Huntington and Winslow 
(1937). Wliile all these properties represent only quantitative 
changes, the case of adaptive enzymes is also a qualitative one, 
and therefore more significant, and in a class by itself. 

It seems quite noteworthy that at the stage of rejuvenation 
of the old cells (Sherman and Albus, 1924), when the cell shows 
the most intensive metaboUc activity, with distinct morphological 
changes (Henrici, 1928), the cell is also most ready for physio- 
logical changes and adaptations. 

CONCLUSIONS 

Cells from a mature culture of Streptococcus lactis in glucose- 
tryptone broth can not attack galactose, lactose, sucrose or 
maltose at once, unless they have been allowed to multiply in the 
presence of that sugar. 

If cells are obtained from a glucose culture while still in the 
stage of physiological youth, they may attack these sugars either 
at once or with a short delay, even under conditions preventing 
proliferation. 

The most rapid adaptation to new sugars is always observed 
with cells from cultures just coming out of the lag phase, during 
the period of physiological youth. During the logarithmic phase, 
adaptability decreases rapidly and continuously. 
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The ease of adaptation and the rate of loss of adaptability 
during the ageing of a culture varies greatly^ with each sugar. 

The author expresses his appreciation to Dr. Otto Rahn for 
the suggestions and assistance given in the experimental work 
and in the preparation of the manuscript. 
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During the past few years there has been a growing apprecia- 
tion of the role of carbon dioxide in bacteriology. It has been 
demonstrated bj'’ a number of observers that the presence of 
carbon dioxide is apparently necessarj’- for growth of all species of 
bacteria so far studied. Walker (1932) and Gladstone et al. 
(1935) suggest that the lag phase of the bacterial growth cycle is 
due to the failure of bacteria to multiply until a certain minimum 
amount of carbon dioxide is produced in the culture by their 
activities. If this is correct, it would appear that carbon dioxide 
should be supplied to cultures of feebly-growing organisms and to 
cultures in which the inoculum is small such as, for example, 
single cell cultures. Since the size of the inoculum, in terms of 
the number of bacterial cells, is not usually known when cultures 
are made from exudates, blood or other materials from suspected 
cases of disease, it follows that the routine provision of increased 
carbon dioxide tensions in such cultures would be desirable. 

The use of increased carbon dioxide tensions has been recom- 
mended, especially for isolating gonococci, meningococci and 
Brucella abortus. A number of investigators, including McLeod 
and his associates (1934), Leahy and Carpenter (1936) and 
Thompson (1935) have demonstrated the value of incubating 
cultures for the isolation of gonococci from suspected cases in an 
atmosphere containing about 10 per cent COj. Cohen and Flem- 

*The author is now located in the Division of Laboratories, Illinois Depart- 
ment of Public Health, 1800 West Fillmore St., Chicago. 
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ing (1918) as early as 1918 found the same percentage of CO: to 
be optimum for the isolation of meningococci from spinal fluids 
and nasopharjmgeal cultures, a conclusion recently confirmed l)y 
Thompson (1935). The investigations of Huddleson (1921), Smith 
(1924), McAlpine and Slanetz (1928) and Wilson (1931) have 
shown that most strains of B. abortus grow best under a 
COs-tension of 5 to 10 per cent. The use of an increased tension 
of this gas in the primary isolation of bacteria of the B. 
abortus group has become routine in some laboratories in which 
appreciable numbers of cultures for the isolation of these bacteria 
are being made. 

Increased carbon dioxide tension has found another important 
use in connection with the production of the exotoxins of some 
bacteria. Burnet (1930) introduced into common use the method 
of grovdng staphylococci in a semi-soHd medium in an atmosphere 
containing about 20 per cent CO 2 in order to produce potent 
exotoxins. It has been found (Woolpert and Dack, 1933) also 
that staphjdococcus enterotoxin, which is apparently distinct 
from the other exotoxins of staphylococci, can be produced more 
consistently in the presence of 20 to 30 per cent COj than in the 
unaltered atmosphere, hlore recently enterotoxins have been 
obtained from streptococci, Proteus, Salmonella aertnjeke and 
Escherichia coli by this method (Jordan and Burrows, 1935; 
Cary, Dack and Davison, 1938). 

In spite of the demonstrated value of using increased carbon 
dioxide tensions in manj' phases of bacteriologj', this procedure 
is not used routinely in most laboratories, even in cultures where 
its use is practically a requisite for success. This is due probably 
to the fact that it is cumbersome to use jars in which to incubate 
the cultures. Thompson’s method (1935) of producing CO* in 
jars has simplified their use greatly. When culture jars arc used, 
however, it is usually necessary to open the jars to see whether 
grovdh has occurred in the individual tubes, flasks or Petri 
dishes. If further incubation is necessary, the whole procedure 
of filling the jar with carbon dioxide must be repeaterl. 

The method mentioned by Parker and Hudson (192G) for 
producing increased CO- tensions by burning a candle in the jar 
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in which the cultures are incubated is of distinct but limited 
value. CO 2 concentrations of about 3 per cent are apparently 
the maxima which can be produced by this technique (Nye and 
Lamb, 1936). This percentage is inadequate for the best results 
(McLeod et al., 1934; Cohen and Fleming, 1918; McAlpine and 
Slanetz, 1928; Burnet, 1930). The use of the jar in this method is 
also subject to the criticism mentioned above. 

Joyner and Jones (1937) have described a method recently by 
which the Spray (1930) anaerobic culture dish can be used for 
incubating individual cultures in an increased carbon dioxide 
tension. '\^Tiile this appears to be a valuable method, at least 
four criticisms may be levelled against it. Spray plates are 
relatively expensive. It is not possible, of course, to use liquid 
or semi-solid media in them which precludes their use for toxin 
production, for example. It is difficult to observe colonies on an 
opaque medium such as the “chocolate” agar commonly used in 
culturing gonococci without brealdng the seal and remaldng the 
whole culture. The most serious objection to the Spray plate 
method is that special culture media must be kept prepared in the 
plates even though cultures under CO 2 tension are only occasion- 
ally made in a laboratory. 

The author has sought a simple method that can be applied to 
individual culture tubes and flasks, free from the objections 
mentioned above. It seems especially desirable to develop a 
method by which liquid media used for toxin production can be 
incubated in individual flasks. It also appeared that the method 
should allow the bacteriologist to utilize any type of medium 
desired for a particular purpose without maldng it necessary to 
place the medium in a special container beforehand. 

Hall’s (1937) modification of the method devised by Wright 
which is used routinely in this laboratory for absorbing oxygen 
from culture tubes was first tried. It was found, however, that, 
if the proper amount of bicarbonate to produce a certain CO 2 
tension was placed on the cotton stopper, a great deal of the gas 
was lost before the rubber stopper could be inserted. In order 
to obviate this difficulty the following technique was evolved. 
The upper fluffy portion of the sterile cotton stopper of a test 
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tube or Florence flask is cut off and the remainder pushed as far 
down into the test tube or neck of the flask as possible withoiU 
touching the medium. A short glass tube or shell vial of the 
proper size (about 10 x 35 to 40 mm. for the ordinar.y IG to IS x 
150 mm. culture tube) is placed open end upward on the stopper. 
For flasks it is desirable to use larger vials, their size depending on 
the size of the flask. A gelatin capsule containing a measured 
amount of bicarbonate solution is placed in the inner tube or 
■^dal. A number 0 capsule has been found satisfactory for the 
test tube cultures but larger or smaller capsules may, of course, 
be used depending upon the amount of bicarbonate solution 
required for a particular purpose. A sufficient amount of sul- 
phuric acid to cover the capsule, about 1 cc. for the test tube 
culture, is then placed in the vial and the whole culture tube 
sealed with a closelj’’ fitting rubber stopper. After about five 
minutes at room temperature the gelatin capsule begins to dis- 
integrate and carbon dio.xide begins to evolve gently. The 
method, which is illustrated by the diagram in figure 1, is much 
simpler than the description indicates and only a few seconds arc 
required to make a culture. 

Sulphuric acid with a bicarbonate is used as the source of 
carbon dioxide. Potassium bicarbonate is preferable to the 
sodium salt because of its greater solubility. To produce a 30 
per cent CO- tension in a culture tube 16 to IS x 150 mm., con- 
taining about 20 cc. of atmosphere above the medium, about 0 cc. 
of CO: are needed. At 20'’C., assuming normal pressure, ap- 
proximately 7.2 cc. of CO: are liberated from 0.1 cc. of three- 
molar potassium bicarbonate solution. For liberating the gas it 
is convenient to use an excess of acid so that it is unneces.=ar>- to 
measure it. Since it is desirable to pro\dde sufficient acid to 
cover the gelatin capsule, we have found that 1 cc. of sulphuric 
acid diluted 1 :30 as recommended by Thompson (1935) is suitable 
for a test tube culture. For a flask culture an appropriately 
larger amount of acid should be used. 

Tests were made to be certain that the theoretical yield of CO: 
was Uberated and diffused throughout the tube under the condi- 
tions described above. The atmosphere in the lower portion of 
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the culture tube, directly over the culture medium, was collected 
through a side arm and analyzed in a Yandell Henderson (Hender- 
son and Greenberg, 1931) syringe gas analyzer, which has an 
accuracy sufficient for this purpose. When the pinchcock be- 
tween the culture tube and gas analyzer was opened, the plunger 
in the sjuinge was forced out by almost exactly the number of 
cubic centimeters that should have been yielded theoretically 



Fig. 1. Schematic Drawing Illhstratinq Method 


from the mixtures of bicarbonate"and acid used. There were also 
very good approximations between the theoretical percentages of 
CO 2 which should have been present and the actual percentages 
found by gas analysis. 

It has also been found that this method may be applied to 
anaerobic cultures. In this case, pyrogallic acid is placed in the 
inner vial, either directly or in a gelatin capsule, and 10 per cent 
sodium hydroxide is run in over it. The amounts should be 
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adjusted so that good absorption of oxygen takes place. About 
1.0 grams of resublimed pjTogallic acid and 2.0 cc. of 10 per cent 
sodium hydroxide are satisfactory’' for the usual culture tube. An 
excess of pjTogallic acid should be maintained, of course, to 
prevent absorption of CO. by the alkali. In this connection the 
interesting possibility arises of using combined oxygen absorp- 
tion and increased CO. tension to promote the growth of anaerobic 
or microaerophilic bacteria. 
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It is known that yeast or plant extracts markedly stimulate 
the growth of the root nodule organism in media of purified 
ingredients. An essential growth factor or superior source of 
nitrogen has been invoked to explain the results, but neither 
theory has a broad experimental basis. The results of Allyn 
and Baldwin (1930) suggest that the extracts may affect favor- 
ably the oxidation-reduction potential of the medium. Allison, 
Hoover and Burk (1933) report that a specific co-enzyme for 
respiration of rhizobia can be extracted from commercial sucrose, 
azotobacter cultures and various plant or animal tissues. This 
extract markedly stimulates the growth of rhizobia in a medium 
of purified ingredients. Hoover and Allison (1935) state, "the 
growth of certain species, on the usual synthetic (sugar, inor- 
ganic salts, and nitrate) medirun is negligible if pure ingredients 
are used, and that the addition of a small amount of growth 
factor is essential.” 

Thorne and Walker (1936) also found that an extract of azo- 
tobacter (or other substances) was able to stimulate growth of 
several species of rhizobia in a medium of highly purified ma- 
terials but did not regard it as essential for growth. By sub- 
stituting ammonium chloride or asparagin for potassium nitrate, 
they grew four species in repeated transfer for more than two 
months with no appreciable decrease in rate of growth of the 
organisms. Addition of reducing substances to Allison and 
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Hoover’s s3Tithetic medium improved it, indicating that (he 
potassium nitrate in this medium poised it at an oxidation-re- 
duction potential too high for continued growth. 

Clark (1936) was able to secure onl}' ver}" slight or no growth 
in the absence of added organic stimulants. Nilsson, Bjiilfvo 
and Burstrom (193Sa) obseiwed no growth in the synthetic 
medium of Allison and Hoover even if NH4CI or asparagine wore 
used as the source of nitrogen. Likewise, the addition of re- 
ducing substances failed to favor growth ; normal growth occurred 
only in the presence of yeast extract. 

In view of the contradictory findings, it seemed desirable to 
investigate further the claims that certain unknown substances 
are necessary for growth of rhizobia, and to determine what 
factors are important for successful continuous transfer of the 
organisms in a S3Tithetic medium. 

EXPERIMENTAL 

To avoid confusion in interpretation of results, the l)nsc 
medium adopted was that of Allison and Hoover (1934), con- 
sisting of mineral salts, one per cent mannitol, and 200 parts per 
million nitrogen as potassium nitrate, Rhizobhim trijolii, 
Wisconsin strain 205 was used as the test organism. 

The “coenz3Tue R” preparations employed were made from 
cultures of Azolohader vmelajidii according to Hoover and Al- 
lison’s procedure (1935). In preliminar3’- work a PctrofT-IIauser 
direct count was made on fluid cultures of the organism to de- 
termine growth. Later, the growth response was measured by 
turbidit3^ of fluid cultures as indicated by the Eve^'n electro- 
photometer or development of giant colonies on agar. 

Factors influencing rate of growth of R. trifolii in base mcihwn 

1. Yeast extract and azotobacter extract. A water extract of 
yeast (Fred, Baldwin and i\IcCo3', 1932) and .Hlison’s azoto- 
bacter extract were selected as representative of the numerous 
natm-al preparations known to stimulate the growth of R. trifoln. 
Tubes containing from 5 to 500 parts per million of the=e extracts 
were inoculated with a standard loop (approximately 500,000 
cells per 10 ml. tube) from a 24-hour 10-per-cent 3-east watrr 
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culture. The maximum stimulation occurred in the presence of 
25 to 50 parts per million of either substance (table 1). It was 
noted that azotobacter extract consistently failed to replace, 
completely, yeast extract in fluid culture (fig. 1), while both were 
equally stimulative to growth on agar (Plate 1). In fluid cul- 
ture, growth in the base medium was, in all cases, relatively 
slight, and failed completely after three or four transfers. From 
these data alone, one might conclude that certain stimulative 
organic enrichments are required for the prolonged growth of 
the organism in laboratory media. However, subsequent ex- 
periments demonstrate the need for modification of this opinion. 


TABLE 1 

Comparative siiimilalive effects of “coenzytnc R” preparations and yeast extract 
Counts in millions per ml. 


^fEDIA 

2 DATS 

. 1 

3 DATS 

4 DATS 

Coenz 5 TOO R, 5 ppm 

92 

206 

285 

Yeast extract, 5 ppm 

160 

385 

586 

Coenzyme R, 10 ppm 

70 


308 

Yeast extract, 10 ppm 

318 

635 

720 

Coenzyme R, 25 ppm 

1 

75 1 


341 

Yeast extract, 25 ppm 

485 

856 

840 

Coenzyme R, 50 ppm 

63 

312 

322 

Yeast extract, 50 ppm 

580 

830 

836 

Control 1 

<5 

15 

1 65 


2. Reducing substances. Since the base medium was oxidizing 
in nature, the possibility of increased growth of the bacteria in 
the presence of reducing substances was investigated. Tubes 
containing sodium sulfite, sodium nitrite and sodium thioglycol- 
late were inoculated from a twenty-four-hour culture as before. 
Table 2 indicates the amount of growth obtained in cultures 
supphed with optimal quantities of each compound. These 
substances all improved growth in fluid medium, but, as shown in 
Plate 1, they are without effect on agar. The use of mass inocula 
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pparently overcomes, within reasonable limits, cfTecfs of al- 
teration in oxidation-reduction potential. 



TABLE 2 


Comparnlivc slimvlalivc effects of "coenzt/me R" and reducing suhstanrei on snorth 

oj Rhizohium trifolii 

Counts in millions per ml. Inoculum from 21-hr. culture 


>]ZZ>JA 

2 I>ATB 

3 

4 tJATA 

Sodium nitrite, 25 ppm 

72 

2!5 

318 

Sodium sulfite, 25 ppm 

75 

18S 

315 

Sodium thioglj-collate, 10 ppm . . 

85 

3M 

lie 

Coenz^-me R, 50 ppm 

75 

2^) 

311 

Control 

<5 1 

15 

75 


Figure 2 shows the relative stimulative abilitic.^ of thioglycoliic 
acid and azotobacter extract, both at a concentration of 10 ppm. 
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At this concentration the stimulation of growth in fluid culture, 
due to azotobacter extracts, is of the same order as that effected 
by reducing substances. However, it is clear from Plate 1 that 
the former contains material of benefit to the organism for rea- 
sons other than its ability to alter the oxidation-reduction po- 
tential of the medium. 



Fig. 2. Comparative stimulative effects of Azotobacter extract and thioglycol- 
lic acid (10 ppm.) on growth of Rhizobium trifolii in fluid culture. 

Continuous growth of Rhizobium trifolii in synthetic media 

Results of the foregoing experiments suggested the possibility 
of growing R. trifolii in fluid culture in the entire absence of 
unknown organic enrichments, over an indefinite period, pro- 
viding the media were at a favorable oxidation-reduction po- 
tential. For the purpose of this experiment, the base medium 
enriched with 10 ppm. thioglycollic acid was selected. The 
original inoculation consisted of approximately 500,000 cells 
from a 24-hour 10-per-cent yeast water culture. Loop transfers 
were made every three days, and after thirty-four successive 
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transfers in this medium, the organisms were growing at the 
same rate as in the first transfer (table 3). After this mnnber of 
transfers, it was concluded that any objection that growth cotild 
be due to activators from the original inoculum, was beyond 
consideration. IMannitol, which had been continuously ex- 
tracted for 24 hours with absolute ethyl alcohol to remove anv 
soluble activator, was used in a parallel experiment with identical 
results. Other reducing substances previously studied behaved 
similarly to thioglycollate. Purified glucose or sucrose could be 
substituted for mannitol with essentially the same results. In- 
oculation of a suitablj' reduced basal medium from either a 
yeast-e.xtract enriched culture, or one grown in the ai)scnee of 

TABLE 3 


Groirlh of lihizobium trifoUi through thirty-four successive transfers in syntlrUc 
medium (base medium plus thioghjcollic acid~10 ppm.) 

Counts in millions per ml. 


TiiAN-srrn 

Spats 

3 Dsrs 

4 PITA 

Original 

SC 

290 

3^2 

1st transfer 

04 

170 

2S1 

2nd transfer 

7o 

292 

307 

18th transfer 

94 

2C8 

4!2 

34th transfer 

80 

24G 

39.') 


yeast extract for over thirt}’ transfers, gave the same respoiwe. 
Evidently, then, the small amount of yeast extract carried in 
the inoculum from a 10-per-cent yeast-water culture docs not 
influence the growth. In the presence of greater amounts of 
yeast extract, however, there is, as has been previously shown, a 
considerable stimulation bej'ond the growth induced b}- reducing 
substances. 

It is concluded from those data, that R. (rifolii .wnthe.=-ize.-- all 
the organic substances essential for its growth from the .‘•iinple 
ingredients of the properly reduced iin.'^e medium: and that al- 
though various tissue extracts are stimulative to growth, they 
are not required. 
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Groivth factors synthesized by Bhizobium trifolii 

Further study suggested that continuous transfer of R. trifolii 
in the base medium, properly reduced by thioglycollate, is de- 
pendent upon some highly active material, synthesized by the 
growing culture and transferred in sufficient amount with a loop 
inoculum (.005 ml.) to stimulate growth initiation in the new 
medium. Evidence for this view was the observation that cells 
removed from the medium in which they had grown, and washed 
free of their metabolic products, produced much less growth when 
inoculated into fresh media than did cells not washed. This 
separation of the organisms from the activators they produce is 
accomplished either by aseptic centrifugation of a fluid culture, 
or by suspending growth from the surface of an agar slope in 
fresh medium. An active culture filtrate, free from cells, can be 
obtained readily by ultra-filtration. 

To determine the effect of culture products on the growth of 
R. trifolii, the follomng were used as inocula: 

(a) A 48-hour culture growing in lO-per-cent yeast extract medium. 

(b) A suspension of cells from a 10-per-cent yeast-extract agar 

slope in fresh 10 per cent yeast extract medium. 

(c) A suspension of cells from a slope as in (b) in a sterile filtrate 

from culture (a). 

All inocula were adjusted to contain the same number of cells. 
The results of this experiment (table 4) indicate that the bacteria 
during their growth synthesize some highly active material, 
important in growth initiation, which can be separated from the 
culture by Berkefeld filtration. That this effect is independent 
of the presence of yeast extract in the medium is shown in figure 3, 
which demonstrates rates of growth when the inocula used were : 

(a) A growing culture, free of yeast or other extracts for 30 transfers. 

(b) Cells from (a) centrifuged and resuspended in the fresh basal 

medium. 

These examples, which are typical of a number of similar tests, 
illustrate the dependence of the organism on activators synthe- 
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TABLE 4 

Influence oj filtrate from grotcing culture on initiation of grarth 
Counts in millions per ml. 


^T.X>\Xf\X 

lSOCTn.UM 

2 r>AT^ 

3 

Basal medium + 10 ppm. thioglycollatc 

A. 4S-hour culture, 

W) 

300 

Basal medium + 15 ppm. thioglycollatc 

growing in 10 per 

55 

3?t 

Basal medium + 20 ppm. thioglycollatc 

cent yeast c.it. 
medium 

72 

311 

Basal medium + 10 ppm. thioglycollatc 

B. Suspension of 

5 

15 

Basal medium + 15 ppm. thioglycollatc 

cells in sterile 10 

5 

5 

Basal medium + 20 ppm. thioglycollatc 

per cent yeast 
ext. medium 

5 

5 

Basal medium + 10 ppm. thioglycollatc 

C. Suspension of 

lOG 

300 

Basal medium + 15 ppm. thioglycollatc 

cells in sterile 

03 

371 

Basal medium + 20 ppm. thioglycollatc 

filtrate from A. 


210 


4i:> 

n'':> 

3^ 


to 


4in 

32.*) 


8.5 


6.0 



Fig. 3. Effect of type of inoculum on grow-th of EhizMum Irifotn in !)”. 
medium plus thioglycollatc. 
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sized during the period of active growth of the cells for growth 
initiation of small inocula. In the absence of this active material, 
growth is so slight that continued transfer is impossible. 

Influence of heat on growth factor synthesized by R. trifolii 

The heat stability of the stimulative faetor liberated in grow- 
ing cultures was determined by subjection of the Berkefeld 
filtrates obtained therefrom to a temperature of 100°C. Heat- 
ing was carried out at neutrality and with the addition of 10 
per cent n/1 sodium hydroxide or hydrochloric acid. After 
heating for periods of 30 minutes and one hour, the tubes were 
immediately cooled and adjusted to neutrality with sterile acid 

TABLE 5 


Influence of heal on slimulative properties of fiUrales from grouting cullures 
Counts in millions per ml. 


MEPIUM U6EO ron SUSPEKDma ikocitltjm 

2 DATS 

3 DATS 

i DATS 

Filtrate untreated 

105 

340 

385 

Filtrate heated at pH 6.8, 30 min 

<5 

20 

74 

Filtrate heated at pH 6.8, 60 min 

<5 

17 

65 

Filtrate heated with n/ 10 NarfH, 30 min 

<5 

32 

86 

Filtrate heated with n/ 10 NaOH, 60 min 

7 

23 

51 

Filtrate heated with n/ 10 HCI, 30 min 

18 

25 

72 

Filtrate heated with n/ 10 HCI, 60 min 

7 

30 

90 

Control 

<5 

25 

84 



or alkali. One drop of a heavy suspension of cells was added to 
each differently treated filtrate, so that an inoculum of one loop 
taken from it carried approximately 200,000 cells. Results of 
this experiment showed that destruction of the growth-stimulat- 
ing properties of the filtrate had occurred in every case (table 5). 
This is in marked contrast to the heat stabihty of the stimulative 
ingredients of yeast or azotobacter extract. 

Activity of growth factor synthesized by R. trifolii 

A quantitative study of the activity of Rhizobium culture 
filtrates in stimulating growth of the same organism was under- 
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taken, using a modified method for growth measurement. In 
this and subsequent experiments, twelve-ounce bottle plates 
were sown with giant colonies (see Plate 3). Usually, 11 or 12 
colonies were sown to insure obtaining growth of at least 10. 
After 72 hours’ incubation at 2S°C., growth from ten colonics 
was removed and suspended in 10 ml. distilled water, and the 
turbidity read in an Evel 3 'n electrophotometer. From a stand- 
ardization cun'e the electrophotometric readings could be con- 
verted directlj’^ into munbers of cells. Parallel experiments vero 
run, using fluid cultures as before, with the exception that growth 
was determined in the electrophotometer after 4S hours, instead 
of bj’^ direct count. 

It was found more convenient in these studies to employ 
autolj'zed cultures of the organism (S to 10 weeks old) as a 
source of the growth factor. After the cells had settled, the 
supernatant medium was removed and, by pasteurization at 
S0°C. for 0 minutes, was rendered sterile without any destruction 
of stimulative activity. These culture autotysates were prepared 
from cultures growm in purely synthetic media for over ten 
transfers. 

To determine the potency of the culture autolysate as a stim- 
ulant for R. trifolii it was tested at concentrations of .0001, 
.001, .01, .1 and 1.0 ml. per 10 ml. of medium. Additions were 
made both before and after autoclaving, to compare the cfTccts 
of heated and unheated autotysate at various concentration'^. 
At the same time, an autolj'sate of Azolohadcr chroococann pre- 
pared in the same manner, was tested to determine wlicther or 
not this organism also S3mthesized the factor. 

The results (fig. 4) indicated that the Rhizohium autol 3 >atc 
was most active when added to the medium in concentration® 
between .001 and .01 ml. per 10 ml. of medium. The optimum 
concentration of autob'sate (which is appro.virnately orju.'il to 
the amount of medium carried from an old to a new culture in a 
loop inoculation) is the same whether determined by pl.-ite or 
fluid cultures. Of interest, is the observation that adflilion- 
be 3 'ond 0.1 per cent resulted in loss of stimulative action; tlii- i- 
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a peculiarity which assisted in identifying the active material. 
Autoclaving inactivated the autolysate at all concentrations. 

Azotobacter autolysate apparently contains very little, if any, 
of the heat-labile Rhizohium factor, but does cause response at 
higher concentrations due to the presence of a heat stable sub- 
stance, presumably that described by Allison and Hoover. 

Although Azobader did not synthesize appreciable quantities 
of the Rhizobium factor, it was thought possible that a more 



0.001 O.OI 0.1 1.0 10.0 

PERCENT CULTURE AUTOLYSATE ADDED TO BASE MEDIUM 

Fig. 4. Effect of heat on growth stimulants synthesized by Rhizohium Irifolii 
and Azotobacter chroococcum determined by the giant colony method. 

closely related species such as Phytomonas tumefadens might do 
so, unless the phenomenon were strictly confined to the nodule 
organisms. The effects of Phytomonas autolysate on the growth 
of R. trifoUi as determined by the giant colony technic are shown 
in figure 5. It appears that Phytomonas tumefadens synthesizes 
the stimulative material in approximately the same quantity as 
do the rhizobia themselves. 
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Thiamin and riboflavin as growth factors for B. trifolii 

From certain of the properties already discussed, it appeared 
possible that the growdh activator synthesized by the rhizolda 
might be some known constituent of the vitamin B group, such 
as thiamin or riboflavin (or the unstable complexes which tficsc 
substances form in the living cell). In order to tost this hy- 
pothesis, inocula for both giant colony and fluid cultures were 
employed consisting of washed cells, which permitted detection 
of the factor or factors which could replace the material syn- 



PERCENT CULTURE AUTOLYSATE ADDED TO DACE MEDIUM 

Fig. 5. Synthesis of Rhizobi'um factor by Phytornonas tumrfaciens 

thesized bj^ the organisms. Pure thiamin and riboflavin were 
used in these experiments. 

In preliminary studies, both of these substances were found to 
possess marked activity, but the organisms exhibited great 
sensitivity to only slight alterations in the concentration of the 
activator. The activity of these vitamins appc.ared to be liin- 
ited to a narrow range of concentrations around 0.1 inicrograni 
per ml. This range of activity was studied more closely with 
the results, for thiamin, shown in Table G. A similar cxf)erirnent 
with both thiamin and flavin is shown in figure G. In all c.a-e.-- 
it will be observed that as the concentration of either vitamin 
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increases beyond the optimum its stimulatory effect decreases. 
This is of interest in view of the fact that the factor or factors 
synthesized by the rhizobia possess the same peculiarity. This 
effect is shown clearly in the accompanying Plates 2 and 3. 

If thiamin and flavin are the actual substances synthesized by 
R. trifoUi, it would be expected that they would not give further 
stimulation of growth if the inoculum were taken direct from a 
growing culture. This was found to be the case (see table 6). 
In the presence of sufficient of the activator, further additions 

TABLE 6 


Influence of inoculum on response of Rhizobium Irifolii to vitamin Bi {thiamin) 
Counts (millions per ml.) on 48-hour fluid cultures caleulated from 
eleetrophotometer turbidity measurements 


MEDIA, TITAMIN B| 

INOCULUM 

Washed cells 

Growing culture 

micTo^amB / ml, 

0.2 

65 

161 

0.18 

81 

149 

0.16 

140 

114 

0.14 

141 

127 

0.12 

150 

123 

0.10 

155 

110 

0.08 

147 

116 

0.06 

106 

116 

0.04 

64 

155 

0.02 

50 

147 

0.00 (control) 

43 

145 


had either very little stimulative influence, or actually depressed 
growth. The fact that vitamin Bj has very little effect when 
inocula are from actively growing fluid cultures has already been 
reported by Laird and West (1938). 

From these and other experiments which gave similar results, 
it was concluded that either thiamin or flavin alone can replace, 
at least in part, the culture autolysate, thus enabling washed 
cell suspensions to grow nearly as readily in the reduced medium 
as cells inoculated directly from an actively growing culture. 
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S^jnthcsis of vifamin Bi and flavin by R. tnfolii 

Since thiamin and fla\'in were strongly suspcclcd of being 
identical ■R'ith th^e Rhizobiuni factor, it became necossarv to 
determine the ability of the organism to synthesize these vi- 
tamins. For this purpose, a very sensitive quantitative inethml 
for assajdng \’itamin Bj was developed, based on Knight's finding 
(1937) that in appropriate media, the growth of Siaphylococnis 
anreus is proportional to the amount of vitamin Bi prc.-=cnt. 



Fig. C. Influence of pure thiamin and flavin on groivth of Rhiz«hium Irifoht 

Details of this procedure are reported elsewhere (West and Wil- 
son, 1938). Results of analyses of R. trifolii cultures grown on a 
sjmthetic, \'itamm-free medium indicated an average of 19.G 
micrograms of Autamin Bj per gram of dry cells. This relatively 
high value indicates that the vitamin Bi content of R. trijolii 
cells closely appro.vimate that of yeasts. 

The flavin content of R. trifolii was estimated by the m' tliod 
developed by Snell (unpublished data) involving growth re- 
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sponse and acid production by Lactobacillus casei. An average 
from fom- separate determinations showed the flavin content of 
RMzobium cells to be 0.370 microgram per milligram dry cells. 
These cells are therefore rich in flavin, since the Clostridium 
hdijricum, reported by Warburg and Christian (1933) to be high 
in flavin, contained only .09 microgram per milligram. 

Since R. irifolii synthesizes thiamin and flavin in such appreci- 
able amounts, it would appear that these substances must be of 
great importance in the metabolism of the organism. Possibly, 
one of the reasons for the existence of the lag phase in Rhizobium 
cultures is the necessity for synthesis of sufficient of these stim- 
ulants before multiplication can occur. Therefore, if the inoc- 
ulum be washed, and the cells deprived of most of these growth 
factors which would ordinarily be carried from the previous 
culture, the lag is prolonged, in many cases indefinitely. The 
addition of vitamin Bi, flavin or culture filtrate overcomes this 
inactivity. 

Nature of the growth factor synthesized by Rhizobium trifolii 

From a comparison of the thiamin and flavin contents of the 
autolysates from Rhizobium trifolii cultures and the amounts of 
these vitamins which must be added in pure form to produce 
stimulation, it was found that more of either vitamin is required 
for growth response when added singly than occurs in the bac- 
terial autolysates. There are two possibilities to account for 
this apparent discrepancy: (a) thiamin and flavin in combination 
may have a greater than additive effect; (6) these vitamins may 
exist as protein or other complexes with greater activity than 
they possess in the free state. Evidence has been obtained that 
both of these possibilities may be involved. 

Experiments on the combined effects of thiamin and flavin 
showed that if either vitamin is present in optimum concentra- 
tion, addition of the other reduces activity. However, if both 
are present in amounts too small to be effective alone, the com- 
bination is stimulative. This interaction of flavin and thiamin 
is shown in figure 7. 

It would seem that thiamin is present in the cell as an unstable 
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complex since, in assaying autolj’sates from Rhizobium ctildiro 
for vitamin Bi, it was necessar 3 ' to heat for 5 minutes (x ■ in 
hydrochloric acid) at 100°C., a treatment liberating the free 
vitamin but not destrojdng it. On assajdng the unhcatccl aii- 
tolj’sate, onlj^ 0.3 microgram of vitamin Bi, per gram of dry colb 
was found, whereas after a short heating the vitamin Bi, wa^: 
freed (19.6 micrograms per gram).= In assajdng for flavin it 
was likewise necessary first to liberate the free substance by Iicat 
treatment. 

In combined form the vitamins arc apparently more stimula- 
tive since, following the splitting of these complexes b}’ licat, .a 



O.I .0 5 .OZ .005 

0! .05 .OZ .01 

VITftViN ADDED IN WICROGRAMS PER l/U 


Fig. 7. Effect of combinations of thiamin and flavin on I!hi:obiurn 
determined hy gron'th in fluid culture. 

treatment which is sufTicient to liberate the free vitamin but 
insufficient to destroy it, the activity of the Rhizohhim autoIjT.'itf 
is largeh" lost. 

For these reasons it can be well understood that either flavin 
or thiamin alone does not possc.ss the same degree of activity 
the culture autoh'sate which may contain both of these vit.amin- 
in correct combination and in more suitable form. 

j Recent work by SincKair (103S) indicate- that the vitamin li, of i- a:- < 

in combined form (not co-c.arboxriasc). In a-aying B, of Idood by i Wjo, a i 

method it is necessary to subject it to a short Imating capable o. Iib-.-a.m? 
vitamin but insufficient to cau'o any de-truction of the vitamin it- l.e 
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DISCUSSION 

The more important results of this investigation may be sum- 
marized as follows: 

1. Heat- and alkali-labile substances are synthesized by R. 
trifoUi itself, which, when present in sufficient amount in the 
inoculum, permit considerable growth of the organism in a 
medium of purified ingredients. Even small inocula (200,000 
to 500,000 per 10 ml.), washed free of the metabolic products of 
the surrounding medium, initiate growth satisfactorily if they are 
suspended in a filtrate from a growing culture. In fluid culture, 
the total population in this case may reach as high as 250-400 
million per ml. in 72 hours. If the culture filtrate is merely added 
to the synthetic medium, the total population reaches only 
100-150 million organisms per ml. in 72 hours. These essential 
factors occurring in the filtrate from an actively growing culture 
on synthetic medium can be replaced, at least partially, by the 
direct addition of riboflavin and thiamin in suitable concentration 
to the synthetic medium. Washed cells in the presence of the 
vitamin-emlched medium reach a density of 75 to 150 millions 
per ml. in 3 days. In the absence of culture filtrate, thiamin, or 
riboflavin, little or no growth occurs with such an inoculum. 

The factor essential in growth initiation of R. trijolii, which 
is S3mthesized by actively growing cultures of the same organism 
has been termed the Rhizdbium factor in order to distinguish it 
from the heat-stable substance of Allison and Hoover. The 
Rhizobium factor presumably consists of thiamin and riboflavin 
and possibly some other unidentified compounds, all of which the 
organism is able to synthesize, once groioth has been initiated. 

The use of the term “essential” as applied to the Rhizobinm 
factor may appear to be somewhat arbitrary. It is used in the 
sense that the factor (or factors) must be present in order that 
growth may be initiated in a properly poised synthetic medium. 
Ordinarily, sufficient is carried over in a loop inoculum directly 
from an actively growing culture, and in this case the essential 
factor is furnished by the organisms themselves. If the organ- 
ism is separated from its previously synthesized growth factor, 
it must be added to the medium, else little or no growth occurs. 
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But for initiation of growth in the synthetic medium the ‘V,-;- 
sential’’ factor must be present, whether supplied directly in 
preparation of the medium or indirectly in the inoculum.' In 
either case, once growth is initiated, the organism can synthc.drc 
sufficient of the factor to enable it to be transferred continuou.dy 
even though maximum populations are not reached. 

2. A second factor described by .-Ulison and Hoover is al.-o 
concerned with the nutrition of li. Irifolii. This factor, termed 
"CoenzjTne R,” stimulates the growth of these bacteria, but doe.s 
not appear to be essential for their continuous transfer. In 
the presence of optimum quantities of the factor of Allison ami 
Hoover, the total population may reach 300-750 millions of 
organisms per ml. in 3 days. “Coenzyune R” differs markedly 
from the Rhizohimn factor, and the two can be readily distin- 
guished on the basis of stability and physiological effects. 

It is possible that the heat-stable and heat-labile factors may 
be related as, for example, the factor described by Allison and 
Hoover may' provide an organic nucleus which the organism 
converts readily' into its necessary' growth factors. According 
to Allison and Hoover “Coenzyme R” is concerned witii res- 
piration; the established importance of both thiamin and rilx)- 
flavin to respiratory' processes might be used as supporting tliis 
suggestion of relationship. However, much more e.xperimenta- 
tion will be required to investigate this phase of the subject. 

3. In the light of these studies on the importance of condition 
of inoculum in determining wlicthcr or not growth will occur in a 
synthetic medium, it is believed that many of the discrepancies 
occurring in the literature on this point c.an be c.xplaincd. I'or 
ex.ample, Thorne and Walker were able to obtain continuou' 
transfer in synthetic medium starting with an inoculum from a 
yeast-extract slant and sub.=equently transferring one nd. of 
the 4 day old culture to 25 ml. of fresh liquid medium. Objection 
to their work on the grounds that they were transferring '’Co- 
enzyme R’’ from the origin.al yea.st extract culture can hardly !)'• 
sustained, since they c.arried the organisms through 10 to 20 
transfers. Under even more rigorous conditions witli rv.-p'ft 
to size of inoculum, v.-c have maintained continuou- cuUur>' for 
over 30 transfers with no evidence of los-s in reproductive pov.e.'. 
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Nilsson, et al. (1938a), on the other hand, have recently reported 
complete inability to obtain growth on a S3mthetic medium even 
in the presence of reducing substances; they attribute the success 
of other workers to faulty technique. Although they do not 
give much detail regarding the preparation of their inoculum, 
they do state that they used few cells, obtained by dilution of a 
culture. This probably corresponds to our inoculum of cells 
suspended in fresh medium and therefore deficient in Rhizobium 
factor. We are in complete agreement with them that under 
such conditions no growth results even on inoculation into an 
adequately reduced medium. And it is also understandable that 
under such conditions they find vitamin Bi stimulative (Nilsson, 
Bjalfve and Burstrom (1938b), since it is only when an inoculum 
deficient in the Rhizobium factor is employed, that vitamin Bi 
induces any marked response. 

SUMMARY 

1. Rhizobium trifolii synthesizes all the organic substances 
essential for its growth from the simple ingredients of a properly 
reduced carbohydrate mineral-salts medium. 

2. Although various tissue and microbial extracts contain a 
heat-stable substance (or substances) stimulative to growth, 
these are not required for successful continued transfer of the 
organism in a synthetic medium. 

3. Continuous transfer of Rhizobium trifolii in a synthetic 
medium is dependent on a factor synthesized by the growing 
culture which is ordinarily transferred in sufiicient amount in the 
inoculum to stimulate growth initiation. 

4. This factor can be separated from cultures of Rhizobium by 
ultrafiltration. It is readily destroyed by heat. 

5. Small inocula, washed free of metabolic products of the 
culture from which they were taken, produce little or no growth 
in the absence of the Rhizobium factor. 

6. In the presence of certain specific amounts of thiamin or 
flavin, either vitamin alone is capable of replacing to some extent 
the stimulative material synthesized by R. trifolii. However, 
certain combinations of both vitamins are more active than 
either one used singly. 
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7. Rhizobiuni trifoUi synthesizes appreciable amounts of both 
vitamin Bi and ribofla^^n. These \dtamins are present in culture 
autolysates or filtrates as complexes which are readily destroyed 
by heat, resulting in decreased actmty. 

8. Further evidence is presented which indicates that the 
activity of the metabolic products of R. trifolii, in stimulating 
growth initiation of the same organism, is due, at least in part, 
to the presence of thiamin and flavin in those products. 
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PLATE 1 

Influence of various supplements (25 parts per million) on growth of giant 
colonies of Rhizobium trifolii. A: Control. B: Casein hydrolysate. C: Thio- 
glycollic acid. D and E; Allison’s Azotobacter extract. I': Yeast extract. 
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PLATE 2 

Stimulation of gro«'tli of Rhizobium Irifolii in baso inccliiim around blocks rnn- 
tainingO.2 microgram per ml. vitamin Bi and flavin. 
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PLATE 2 




VITAMIN B, 


FLAVIN 


(P. M. ^^est and P. W, Wilson: Growth factor requirements of bacteria) 
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PLATE 3 

Effect of varying concentration of vitamins on growth of Rhizohium trifoUi. 
Iand4: Controls. 2and3; 0.1 and 0.2 niicrogram vitamin Bj per ml. 5, G, and 
7: 0.05. 0.1 and 0.5 microgram flavin per ml. 
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Tlie production of histamine in bacterial cultures has been the 
subject of a number of investigations. According to these re- 
ports, the power to produce this amine is confined to certain 
strains of only a few species of bacteria: Escherichia coli and 
related organisms (Mellanby and Twort, 1912-13; Koessler and 
Hanke, 1919c; Hirai, 1933); Salmonella enteriditis, S. schott- 
vmelleri, and S. morgani (Koessler, Hanlce, and Sheppard, 1928); 
a variety of Acrohacter acrogenes designated as B. aminophilus- 
inieslinalis (Bertrand and Berthelot, 1913; Jones, 1918); and 
Clostridium welchii (Kendall and Schmitt, 1926; Kendall and 
Gebauer, 1930), 

Several methods have been used to identify histamine in 
cultures. Ackermann (1910), Bertrand and Berthelot (1913), 
Mellanby and Twort (1912-13), Hirai (1933), and Kendall and 
Gebauer (1930), prepared the crystalhne di-picrate of the base. 
This method, while reliable when positive, is qualitative only, 
because of the large losses in purification. The process is labo- 
rious, and rather large quantities of culture must be worked up. 

Mellanby and Twort (1912-13) and Jones (1918) also deter- 
mined histamine in cultures by the Dale and Laidlaw (1910-11) 
technic, employing the isolated guinea pig uterus. Kendall and 
Schmitt (1926) used guinea pig intestine in a similar technic. 
These, as well as other physiological methods, are open to the 
objection that substances other than histamine may provoke the ' 
same response. As Best and McHenry (1931) point out, no one 
single physiological method for histamine assay is reliable; if the 
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physiological method is to be used, only a complete biological 
analysis can establish the presence of histamine. 

Koessler and Hanke (1919a) determined histamine colorimet- 
rically by the Pauly diazo reaction. As many other substances 
react with the diazo reagent, it was first necessary for them to 
isolate the histamine in a fairly pure form (Koessler and Hanke, 
1919b). This was done by extracting the cultures with amyl 
alcohol after making them strongly alkaline. The histamine was 
recovered from the amyl alcohol by shaking with dilute acid. 
It wms then determined quantitatively by means of the diazo 
reaction, for which they described an improved technic. 

In our investigation of histamine production by bacteria, wc 
first made use of the extraction method of Koessler and Hanke 
(1919b). It was soon found that this method presented certain 
difficulties. It was very time-consuming. It required large 
amounts of reagents, some of which are expensive. The colors 
obtained with the extracts often do not match well with the 
standard, especially if glucose is present in the culture medium. 
We therefore changed the extraction method to overcome these 
drawbacks. 

As extracting solvent, we used a mixture of three parts of 
chloroform to one part of amyl alcohol. “Reagent” grades of 
these solvents were used; after being mixed, they were shaken 
with about one-fifth of their volume of 1 per cent sulfuric acid; 
then with several changes of distilled water. This removes 
impmrities that would be extracted later wdth the histamine. 

This mixture of chloroform and amyl alcohol is a more selective 
solvent for histamine than is amyl alcohol alone. Its use avoids 
the extraction of the interfering substance produced from glucose, 
as weU as some other interfering substances. 

For the extraction, we used the excellent method devised by 
Widmark (1926), by which quantitative extractions of small 
amounts of material can be made with a minimum of labor and 
attention. Widmark’s apparatus consists of two small connected 
chambers; in one of these is the solution to be extracted; in the 
other is placed a solution in w'hich the extracted substance is 
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changed to a form insoluble in the extracting solvent. A suitable 
immiscible organic solvent connects the two chambers; when 
filled, the apparatus is tilted continually, so that the extracting 
solvent flows back and forth between the two solutions. The 
apparatus described by Widmark was intended for solvents 
lighter than water; as the chloroform-amyl alcohol mixture is 
heavier than water, we devised a different form of apparatus. 
This consists of two glass bulbs connected by a vertical U-tube 



Fig. 1. Double Bulb Extraction Apparatus 

(fig. 1). The bulbs have a diameter of 4.5 to 5.0 cm., a size 
that is suitable for extracting 10 cc. of fluid. The removable 
tube connecting the two orifices was added to prevent loss of 
chloroform by evaporation. 

The tilting apparatus consists of a rack with slots to hold 12 
such “double bulbs.” The rack is pivoted in the middle; the 
tilting is done by a motor with a reducing gear, which tilts the 
rack 8 times per minute through an angle of 8 degrees on each 
side of the horizontal. 
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By our method, four main steps are involved in the deter- 
mination of histamine in bacterial cultures; 

I. The preparation of the acid extract. 

II. The removal of volatile bases and amyl alcohol. 

III. The quantitative determination of histamine means of 

the diazo reaction. 

IV. The preparation of histamine di-picrate from the acid 

extract (not done in every case.) 

I, THE PREPARATION OF THE ACID EXTRACT 

About 30 cc. of the washed chloroform-amyl alcohol mixture 
were introduced into a double bulb. Then, 10 cc. of 0.5 per cent 
sulfuric acid were pipetted into one bulb. Ten cubic centimeters 
of the test fluid (bacterial culture) were neutralized, then made 
alkaline by adding 1.5 cc. of 15 per cent NasCOs solution, and 
introduced into the other bulb. (Stronger alkali must not be 
used, otherwise interfering substances are extracted and the 
histamine readings become too low.) 

The connecting bridge over the two orifices was then put 
into place, and the double bulb set in a slot in the tilting rack. 
The apparatus was then run for 24 hours at room temperature. 

As the solution to be extracted is strongly alkaline, the his- 
tamine is present as the free base. This is slightly soluble in the 
extracting fluid; and a little of it dissolves in the chloroform- 
amyl alcohol at the interface. The tilting moves the extracted 
histamine to the other bulb, where it comes in contact with the 
dilute sulfuric acid, forming the sulfate. This is no longer 
soluble in the extracting fluid; it enters the aqueous layer, from 
which it cannot return. This process continues until all of the 
histamine is in the acid exi,ract. Other bases, such as ammonia 
and the volatile amines, will also be transported, but the great 
bulk of impurities will be left behind. Not the slightest trace 
of such substances as histidine, peptone, etc., ever appears in the 
acid extract. The presence of proteins in no wise interferes. 
The chloroform amjd-alcohol layer often becomes very turbid 
during the extraction; this turbidity has no significance and can 
be disregarded. 
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Sulfuric acid is the acid of choice in this extraction, as none 
of it will bo transported to the alkaline side. Organic acids that 
are soluble in the choloroform amyl-alcohol will be rapidly carried 
over. Hydrochloric acid is transported slowly; it can be used 
in this extraction if allowance is made for the fact that some of 
it will pass over to the alkaline bulb. 

Factors that influence the speed of extraction: 

The first factor that influences the speed with which histamine 
will be extracted is the composition of the extracting fluid. Pure 
chloroform, in this apparatus, will extract histamine, but the rate 
is too slow to be of use. The addition of as little as 5 per cent 
of amyl alcohol greatly increases the speed of extraction. Our 
experience indicates that 25 per cent of amyl alcohol is most 
practical. With still more amyl alcohol, the speed of extraction 
is increased, but the specific gravity of the mixture becomes 
dangerously low; more interfering impurities will also be ex- 
tracted. 

Either the normal or the iso-amyl alcohol can be used; we found 
no difference. Butyl alcohol may be substituted for the amyl 
alcohol. Even ethyl or methyl alcohol can be utihzed; with these 
lower alcohols, much of the alcohol will be in the aqueous layers. 
Instead of chloroform, one may use tetra-chlor-ethane or carbon 
tetrachloride. In our hands, however, chloroform and amyl 
alcohol gave the most satisfactory results. 

Another important factor that determines the speed of ex- 
traction is the ratio of the area of the extracting surface to the 
volume of fluid to be extracted. This ratio should be high; in 
other words, the fluid to be extracted must form a shallow layer. 
In our apparatus, this layer was less than 1 cm. deep. 

Other factors that influence the rate of extraction are the speed 
of tilting, the angle of tilt, and the internal diameter of the 
connecting U-tube. A large quantity of the extracting solvent 
must stream from one bulb to the other at each tilt of the rack. 
If the rate of tilting is too rapid, or if the angle of tilt is insuf- 
ficient, or if the connecting U-tube is too narrow, then only 
small quantities of solvent will surge back and forth and the 
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rate of extraction is diminished. With our apparatus, 8 to 15 
tilts per minute were found optimal. 

We determined the rate of extraction of histamine in two 
different ways. By the first method, pure solutions of hista- 
mine di-hydrochloride were extracted for different periods and 
both the acid extract and the alkaUne residue were assayed. Bj- 

TABLE 1 


Rale of exlraclion of histamine from a solution containing 0.730 mgm. of histamine 

di-hydrochloride in 10 cc. 


1 

1 

! 

FOUND IN ACID 
EXTRACT 

FOtTND IN 
ALKAUNE 
RESIDUE 

IN CRLOnO* 
FORM-AMTL 
ALCOHOL 
(or 

DirrEnENCE) 

2-hour extraction 

jn^m. 

0.370 
0.490 
i 0.690 
0.730 

per cent 

50.7 

67.1 

94.5 

100.0 

mom, 

0.240 

0.150 

0.020 

0 

mfftn. 

0.120 

0.090 

0.020 

0 

4-bour extraction 

8-hour extraction 

18-hour extraction 



TABLE 2 

Rate of extraction of histamine from a culture of Salmonella scholtmucllcri on meal 
cxtracl-peplone-histidine-glucose medium 



FOUND IN aCTD EXTRACT 
do CC.) 

REMAINING IN 
ALKAUNE 
RESIDUE* 

(10 CC.) 

1 

1 

fnpm. 

per cent i 

mgm. 

2-hour extraction 

0.640 

28.8 

1.5S0 

4-hour extraction 

1.050 

47.7 

1.150 

8-hour extraction 

1.610 

73.9 

0.570 

12-hour extraction 


83.9 

0.3C0 

24-hour extraction 


98.1 

0.040 


* Determined by re-extracting the alkaline residue for 30 hours. 


the second method, a culture of a histamine-producing bacterium 
was extracted for different time intervals; the acid extracts were 
removed and the alkaline residues were ex-tracted again for 30 
hours. The results of such experiments are shown in tables 1 
and 2. 

Table 1 shows that histamine is very rapidly e.xtracted from 
solutions of pure histamine; in 8 hours, 94.5 per cent was removed, 
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and within 18 hours, all of it. Extraction of cultures, however, 
takes place more slowly. In 8 hours, only 73.9 per cent of what 
was probably the total histamine was extracted; even after 24 
hours, a slight trace was left. According to table 2, 0.040 mgm. 
of histamine was recovered by a 36-hour extraction following a 
24-hour extraction (this figure may be too high, as the color 
match with the standard was only fair, and some part of this 
color value was undoubtedly due to some substance not hista- 
mine). 

When a known amount of histamine is added to a bacterial 
culture, the added histamine is removed quantitatively by a 
24-hour extraction. 

On the basis of these and other similar experiments, we have 
concluded that this extraction method will remove all but traces 
of histamine from bacterial cultures in 24 hours. 

II. THE REMOVAL OF VOLATILE BASES AND AMTL ALCOHOL 

As stated before, the acid extract from bacterial cultures will 
contain considerable amounts of ammonia and volatile amines, 
which react with the diazo reagent. They can be readily re- 
moved by boiling at a slightly alkaline reaction. This process 
at the same time removes amyl alcohol, which also interferes. 
Our procedure was as follows: 

The acid extract was removed with a capillary pipette and the 
bulb rinsed with a few cubic centimeters of distilled water. To 
this, we added a determined amount of 2 per cent NazCOs 
solution, that would, after boiling, exactly neutralize to phenol- 
phthalein the 10 cc. of 0.5 per cent sulfuric acid used in the 
extraction. Finally we added 0.5 cc. of 2 per cent borax solution. 
(This amount of borax does not interfere with the diazo reaction, 
though a larger amount will do so.) The fluid was then trans- 
ferred to a special boiling tube (fig. 2) in which it was boiled 
vigorously until volatile bases no longer appeared in the vapors. 
To determine this point, we used as indicator a solution of 
Brom-Cresol-Green, which was adjusted with minimal acid until 
its color was a yellowish green. A platinum loopful of this 
indicator, held in the escaping vapors, will turn blue as long as 
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volatile bases are coming off. Five to S minutes of vigorous 
boiling usually suffices. The pH of the fluid should be ne.ar 
9.2. The volume was then made up to 10 cc. ; the fluid was now 
ready for the colorimetric determination. 

The boihng tube shown in figure 2 was devised to prevent 
bumping, which is otherwise verj’’ troublesome. It is based upon 
the principle of creating a “hot spot” and preventing general 
superheating of the entire bottom. This principle has been 



Fig. 2. Boiling Tube with Platinum Wire through Bottom 

described by Moroney (1934) in connection with a quite different 
form of apparatus. The boiling tube was made from a thick 
walled Pjnex test tube, 200 by 25 mm. in size; a pin hole was 
blown through the bottom and a short piece of platinum wire 
passed through it. The hot glass was pinched down on the 
wire with hea\T forceps, and the bottom worked in the flame 
until a smooth closure was obtained. The wire within the tul;c 
must be bare of glass. We have had no trouble with breakage 
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or leakage of these tubes. A small flame, passing through an 
8 mm. hole in an asbestos gauze, is directed on the wire. Fluid 
can be boiled violently in this tube without any bumping. As 
some of our extracts frothed a good deal on boiling, the two 
expansions shown in the figure were blown in the tube. 

Histamine solutions can be boiled for a long time in slightly 
alkaline reactions (pH 9.0 to 10.0) without loss of the amine. 
With greater alkalinity (pH 10.5 to 11.0 or more) some histamine 
is destroyed. We found that the removal of volatile bases by 
the evaporation of a neutral or alkaline solution was unsatis- 
factory, as there was always considerable loss of histamine. 
Only acid solutions of histamine can be evaporated to dryness 
without some loss. 

III. THE COLORIMETRIC DETERMINATION OF HISTAMINE 

We have followed exactly the method of Koessler and Hanlce 
(1919a) for the diazo reaction and the colorimetric determination 
of histamine, which we have found very satisfactory. Our chief 
difficulty, at first, was that small quantities of histamine gave 
color values that were too low; after re-crystallizing the sulfanilic 
acid twice from hot water, this difficulty disappeared. For com- 
plete details, we refer the reader to Koessler and Hanlce’s article 
(1919a). Briefly, their technic is as follows: 

Reagents for the test: 

0.9 per cent sulfanilic acid in 10 per cent HCl. 

5 . 0 per cent NaNOz solution. 

1.1 per cent Na^COs solution. 

The diazo reagent is prepared by measuring 1.5 cc. of the sulfanilic 
acid solution into a flask in an ice bath; then 1.5 cc. of the 5 per cent 
NaNOa solution are added. After 5 minutes, another 6.0 cc. of the 
NaN02 solution are added. In 5 more minutes, the reagent is made 
up to 50 cc. with cold distilled water. It is ready for use in 15 minutes. 

The diazo reaction: 

Five cubic centimeters of the 1.1 per cent Na 2 C 03 solution and (1 — x) 
cubic centimeters of water are measured into a cylinder of the color- 
imeter (x is the volume of extract to be tested). Two cubic centimeters 
of the diazo reagent are added, within the space of 5 seconds, to the 
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alkali in the cylinder and mixed, noting the time to the second. (A 
stopwatch should be used.) In exactly 1 minute, x cc. of the test fluid 
are added and mixed. With histamine, the color is first 3 'ellow, then 
red; it is at its maximum in 4 to 5 minutes, after which it fades. The 
reading is made at the end of 5 minutes after the addition of the test 
fluid. 

The volume x of test fluid should be chosen so that, if possible, 
the colorimetric reading falls between 5 and 20 mm. This can be 
determined by a rapid preliminary test; in quick succession, add 
1 drop of the sulfanilic acid solution, 5 drops of the NaNO. 
solution, and 5 cc. of the Na 2 C 03 solution; then the test fluid is 
added drop by drop until the desired depth of color is obtained. 

For standard solution we used the Congo-Red Methyl-Orange 
standard of Koessler and Hanke (1919a), which we also found 
very satisfactory. Two solutions are prepared: a Congo Red 
solution (2.500 grams of Grubler’s Congo Red dissolved in 50 cc. 
of absolute alcohol, then water added to 500 cc.), and a Methyl 
Orange solution (0.500 grams of hlethyl Orange in 500 cc. of 
water). The standard is made by adding 1.0 cc, of the Congo 
Red solution and 1.1 cc. of the Methyl Orange solution to about 
250 cc. of water and diluting to 500 cc.. This color standard 
deteriorates slowly and should be checked daily. For this pur- 
pose, a 1 ; 10,000 solution of histamine di-hydrochloride, layered 
with toluene, is kept on hand; 0.25 cc. of this should give a 
reading of 18.7 mm. 

To make the reading, the cup with the test solution is set at 
20 mm.; the cup with the standard is moved until a match is 
found. A correction of 0.3 mm. is subtracted from the reading 
of the standard to allow for the color of the reagent. Tables 
given by Koessler and Hanke (1919a) enable one to calculate 
the concentration of histamine (as the di-hydrochloride) in the 
extract. Or the concentration may be calculated by the fol- 
londng formula: 

Reading of standard cup in mm. ^ _ gammas of liistamine di- 

Volume of fluid tested in ce. hydrochloride per cc, of 

test solution. 
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IV. THE PREPARATION OP HISTAMINE DI-PICRATE 
PROM THE ACID EXTRACT 

As the identification of histamine is not complete unless a 
ciystalline salt is prepared and identified by its melting point 
and mixed melting point with crystals of pure histamine salt, we 
prepared the histamine di-picrate from the acid extracts of 
cultures of all organisms that produced histamine in good yield. 
As the acid extracts are free from interfering substances, the 
di-picrates could be prepared and purified with ease. 

It was our custom to grow each organism on several different 
kinds of media, and at several different temperatures. Conse- 
quently, when an organism was found positive for histamine, 
there were always ten or more tubes of extract available for 
preparing the di-picrate. After the colorimetric determinations 
were made, the remainders of such positive extracts were com- 
bined, adjusted to pH 6.0, and evaporated until the concentration 
of histamine was approximately 1 part in 1000. To every 9 cc. 
of this solution, 1 cc. of 10 per cent picric acid in methyl alcohol 
was added, and the mixture cooled over night. The di-picrates 
were re-crystallized from hot water 2 to 5 times until their 
melting points and mixed melting points were 239 to 241°C. 

The dry histamine di-picrate can also be crystallized from 
absolute methyl alcohol. As the quantities were usually small, 
all crystallizations were done in small test tubes; the crystals 
were packed on the centrifuge and the supernatant fluids poured 
off. When the correct melting points were obtained, the di- , 
picrates were dissolved in water and tested with the diazo re- 
agent; in every case the characteristic red color was obtained. 

DISCUSSION 

Viffien bacteria act upon histidine, it is quite possible that 
imidazols other than histamine may be produced. Inasmuch as 
these, if present in the acid extract, would produce a color like 
that of histamine, we felt it necessary to prepare and study such 
other derivatives of histidine, as follows: 

Imidazol propionic acid. Found by Bertrand and Berthelot (1913) 
in cultures of their Bacillus aminopMlus. It was prepared from imidazol 
lactic acid by the method of linoop and Windaus (1905). 
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Jmidazol lactic acid. Found in bacterial cultures by Hirai (1933). 
It was prepared by the method of Frankel (1903) . 

Urocanic acid. Found in bacterial cultures by Raistrick (1917). 
It was prepared by his method from histidine by the action of Sal- 
monella 'paratyphi. 

Imidazol. Imidazol and methyl imidazol have not been described 
as occurring in bacterial cultures; but as thej’' are the analogs of indol 
and scatol, they are possible bacterial metabolites. Imidazol was pre- 
pared from glyoxal sulfate by the method of Ruggli and Henzi (1929); 
the oxalate was prepared and crystallized from dilute acetone and dilute 
alcohol; m.p. 234:°C. 

4-Methyl imidazol. This was prepared by the method of Bern- 
hauer (1929). 

(4-Ethyl imidazol and 4-'vdnyl imidazol are also possible metabolites 
of histidine. We did not prepare these two substances. They should 
resemble 4-methyl imidazol in their properties.) 

Imidazol ethyl alcohol. According to Ehrlich (1911) this substance 
is formed by the action of yeast upon histidine. It was prepared by the 
method of Windaus and Opitz (1911). 

Solutions of these 6 imidazols, as well as of histidine and 
histamine, were studied and compared in the following ways: 

1. When made alkaline and extracted in our apparatus in the 
usual way, only histamine, imidazol, methyl imidazol, and imi- 
dazol ethyl alcohol appear in the acid extract. Not the slightest 
trace of histidine, imidazol propionic acid, imidazol lactic acid, 
or urocanic acid will appear in the acid extract. 

2. When coupled with sulfanilic acid, histamine gives an orange 
red color that exactly matches the Congo-Red h'lethyl-Orango 
standard of Koessler and Hanke (1919a). The color w'ith histidine, 
urocanic acid, and imidazol ethyl alcohol is only slightly more 
orange. Imidazol lactic acid, imidazol propionic acid, and 
methyl imidazol yield a redder color that matches the Congo 
Red alone. Imidazol, on the other hand, gives a deep orange 
color, suggesting that, "nuth the 4-position of the nucleus not 
occupied by a side chain, the coupling may take place at a 
different point than with the other imidazols. 

3. IWien 1 : 1000 solutions of these 8 imidazols were treated 
'rtrith phosphotungstic and sulfuric acids, immediate precipitates 
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appeared with all but the imidazol lactic acid; with the latter, 
a small precipitate appeared on cooling. When these precipitates 
were removed by centrifugation, and the supernatant fluids 
neutralized and tested with the diazo reagent, strong colors 
developed in every case except that of histamine. Of these 
bases, only histamine is completely precipitated by phosphotungstic 
acid. 

When 1:5000 solutions of these imidazols were tested with 
phosphotungstic and sulfuric acids, an immediate precipitate 
appeared only with histamine and imidazol ethyl alcohol. On 
standing in the refrigerator, small precipitates formed with 
histidine, urocanic acid, imidazol, and methyl imidazol. In di- 
lutions of 1 : 10,000, a precipitate formed with histamine only. 

Histamine, as Koessler and Hanke (1920) have shown, is 
completely precipitated by phosphotungstic acid. None of the 
other 7 imidazols here studied are completely removed. The 
presence of any of them in an extract can, therefore, be readily 
demonstrated by testing the supernatant fluid after phospho- 
tungstic acid precipitation (it is necessary only to neutralize the 
acid). Conversely, if the supernatant fluid does not give the 
characteristic color with the diazo reagent, these other imidazols 
are absent. We made it a practice to test every fluid that gave a 
histamine-like color in this way. 

As will be explained in the followed paper, in no case did the 
phosphotungstic acid supernatants of the acid extract contain 
any imidazols when the culture medium contained an organic 
compound of nitrogen (such as asparagine or peptone) in addition 
to histidine itself. But in cultures on a medium in which am- 
monium salts and nitrates were the only other source of nitrogen, 
such imidazols were frequently found (though in small quantities) 
in the supernatant fluids following phosphotungstic acid pre- 
cipitation. 

4. With Nessler’s reagent, no precipitate is formed with histi- 
dine, imidazol propionic acid, imidazol lactic acid, or urocanic 
acid in a concentration of 1 : 1000. White precipitates are formed 
with histamine, imidazol, methyl imidazol, and imidazol ethyl 
alcohol. Nessler’s reagent will produce a precipitate in a 
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1:700,000 solution of histamine di-hydrochloride. A modified 
Nessler’s solution, made up with 16 per cent of NaiCO, instead of 
the usual 10 per cent NaOH, will still precipitate histamine, 
though it will not precipitate ammonia. 

5. Imidazol, methyl imidazol, and imidazol ethjd alcohol are 
soluble in ether; histamine and the imidazol acids are not. 

6. Only histamine and urocanic acid jdeld picrates that are 
highly insoluble in water. 

In addition to these imidazols, we tested the behavior of 
certain other substances that are likely to be present in the acid 
extracts, as follows: 

1. Koessler and Hanke (1919c) encountered a base derived 
from histidine to which they ascribed the formula HCNHj: 
CNHiCHoCHoNHi, though they did not isolate it. We en- 
countered what is probably the same base; it is found most 
abundantly in cultures of the Friedlander-aerogenes group of 
organisms; it is also formed by other bacteria when histidine is 
the only source of both nitrogen and carbon. This base appears 
in the acid extracts. With Nessler’s reagent, it gives a heavy 
white precipitate which soon turns yellow. It is incompletely 
precipitated with phosphotungstic and sulfuric acids. The color 
formed with the diazo reagent is pale yellow. The presence of 
this base can usually be neglected, as the color formed by it is 
so pale. 

2. Tyramine might be formed in certain media and appear in 
the acid extract. As dilute solutions of tyramine are not pre- 
cipitated by phosphotungstic acid, a test on the supernatant 
fluid would reveal it. We have never found, with the media 
used by us, any indications of tyramine. 

3. If phenols or cresols are present in the culture, a verj' 
small fraction of them will appear in the acid extract. They 
would not be precipitated by phosphotungstic acid. Wc have 
never found phenols or cresols in recognizable quantities in the 
acid ex-tracts of our cultures (which contained glucose and hence 
were acid in reaction). Hanke and Koessler (1924) also found 
that phenols and cresolswere not formed in media that became acid. 

4. Certain media, especially those that contain peptone and 
meat extract, will jueld an acid extract containing a small amount 
of color-producing substance. Usually this color is pale yellow or 
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pale orange. When it is small in amount, it will not interfere 
with the determination of histamine. It is only necessary then 
to make a correction of the final reading for the medium. Media 
that require a large correction (more than 5 to 6 mm. per cubic 
centimeter) should be avoided. 

The method described above has been used in over two thou- 
sand determinations of histamine, the results of which are 
reported in a following paper. This method requires a minimum 
of attention, labor, and reagents. An extract is obtained which 
contains histamine in a high state of purity; consequently, the 
color matches with the standard are very satisfactory. Only 
where the amount of histamine is very low (less than 5 gamma 
per cubic centimeter of culture) are the color matches likely to 
- be “fair” rather than “excellent.” Histidine and other imidazol 
acids never appear in the acid extract. With one medium only 
were histamine-hke colors obtained that were in part due to 
some imidazol base other than histamine; that one medium 
contained, in addition to histidine, only ammonium salts and 
nitrates as a source of nitrogen. In all other media where other 
organic compounds of nitrogen were supphed, the characteristic 
color was due to histamine alone. 

SUMMAEY 

1. A method for the quantitative extraction of histamine from 
small quantities of bacterial cultures is described. 

2. A quantitative determination of histamine is made on this 
extract by the colorimetric method of Koessler and Hanke. 
Histamine di-picrate can also be readily prepared from this ex- 
tract for positive identification. 

3. Various substances that might interfere with the deter- 
mination of histamine have been studied, and the means of 
recognizing and eliminating them indicated. 
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In a previous paper (Eggerth, Littwin, and Deutsch, 1939) a 
simple and convenient method for the quantitative determination 
of histamine in bacterial cultures has been described. By this 
method, the cultures are made alkaline with sodium carbonate, 
then extracted in a special apparatus with a mixture of chloro- 
form and amyl alcohol, the histamine passing into a layer of 
dilute sulfuric acid. Ammonia, volatile amines, and amyl alcohol 
are removed from this extract by boiling at pH 9.2. The his- 
tamine is determined colorimetrically by the method of Koessler 
and Hanke (1919a). The presence of histamine is then con- 
firmed qualitatively by forming the di-picrate. 

In the present investigation, a series of organisms has been 
studied to determine which of them are capable of producing 
histamine, and what factors influence histamine production. 

A number of culture media were employed, as the composition 
of the medium profoundly affects the amount of histamine 
produced. A detailed report will be made of the following seven 
only. Histidine is an essential ingredient for all of them, for, 
with the exception of Clostridium welchii, none of the organisms 
studied were able to form histamine unless free histidine was 
present.^ 

The first five media were adjusted to pH 7.6 and autoclaved; 
then enough sterile concentrated glucose solution was added to 

* Suzuki and Joshimura (1909) have shown that infusions of the flesh of certain 
sea fish are rich in free histidine. In the present investigation, it was found that 
many organisms produced high yields of histamine on a medium consisting of 
fresh mackerel infusion with asparagine or peptone and glucose, with no added 
histidine. 
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give a concentration of 1 per cent. ]\'Iedium 6 was also adjusted 
to pH 7.6, but 2 per cent of glycerol was added instead of the 
glucose. The media were then distributed in sterile tubes, 
12 cc. per tube. ' 

No. 1. Ammoiinnn-niirate-histidine-ghicosc medium: 

300 cc. H-0 

0.3 gram histidine di-hydrochloridc 
0.3 gram {NH4):SO< 

0.6 gram NaNOj 

0.6 gram Na:HP04-12H;0 

0.3 gram KCl 

0.05 gram CaClj 

0.05 gram MgS04 

Many organisms failed to grow on this medium. A control 
determination made on the uninoculated medium gave no color 
with the diazo reagent. 

No. 2. Asparagine-hislidine-ghicose medium: 

300 cc. H-O 

1.0 gram asparagine 

0.3 gram histidine di-hydrochloride 

0.6 gram Na;HP04-12H50 

0.3 gram KCI 

0.05 gram CaCl* 

0.05 gram MgS04 

A control determination on the uninoculated medium gave no 
color vdth the diazo reagent. 

No. 3. Asparagine-histidine-cgsleine-glvcose medium. This 
has the same formula as medium 2, but with the addition of 
0.3 gram cysteine hj^drochloride. 

No. 4 . Egg-yolk-asparagine-hislidine-glucose medium. Seven 
parts of distilled water were added to 1 part of fresh egg yolks 
and stirred. The mixture w'as heated in the Arnold sterilizer 
for 1 hour and filtered. 

300 cc. egg }*olk infusion 

0.3 gram histidine di-hj'drochloride 

1.0 gram asparagine 

0.6 gram Na;HP04'12H;0 

0.3 gram KCl 

0.05 gram MgS04 
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A control determination on the uninoculated medium gave a 
color reading of 0.3 mm. per cubic centimeter. This medium 
gave e.xcellent growth with most organisms, and the yields of 
histamine were high. 

N^o. 5. Meal-extract-peptone-histidine-glucose medium: 

300 cc. HsO 

1.2 grains meat extract 

3.0 grams peptone (Parke Davis) 

0.3 gram histidine di-hydrochloride 

A blank determination on the uninoculated medium gave a 
color reading of 5.6 mm. per cubic centimeter which matched the 
histamine standard fairly well. 

No. 6. Meat-exlract-peptone-histidine-glycerol medium. This 
medium has the same formula as the preceding one, except that 
the carbohydrate added is 2 per cent glycerol. 

No. 7. Histidine alone, with no other source of nitrogen and 
710 carhohydrate: 

300 cc. HsO 

0.3 gram histidine di-hydrochloride 

1.2 grams Na 2 HPO«- 12 HsO 

0.3 gram KCl 

0.05 gram CaCU 

0.05 gram MgS04 

Acetic acid or sodium hydroxide were added to obtain the 
desired pH. Little or no growth is to be expected in this medium ; 
it was used to determine histamine production by “resting” 
bacteria. A blank test on the uninoculated medium gave no 
color with the diazo reagent. 

In calculating the amount of histamine produced in a culture, 
a correction was made in each case for the blank for that medium, 
in addition to a correction of 0.3 mm. for the color of the 
reagent. 


I. THE RATE OF HISTAMINE PRODUCTION IN 
BACTERIAL CULTURES 

Koessler and Hanke (1919b) determined the rate of histamine 
production by Escherichia coli in a medium containing only 
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inorganic salts and gl^^cerol in addition to histidine. In their 
experiment, histamine formation took place very slowlyj none 
was formed in 2 da 3 ’’s; in 5 da 3 '’S, only 3.3 per cent of the avail.ible 
histidine had been converted to histamine; in 10 days, 24.4 per 
cent; and in 40 days, 83.5 per cent. 

When a richer medium is used, histamine production is much 
more rapid, as is shown in table 1. 

Sunilar experiments with other organisms and other media 
show that on the richer media considerable histamine is formed 

TABLE 1 


Rale of Ihe production of histamine by Shigella dysenteriac St. on medium 5 (mfo! 
exiract-peptone-histidine-glucose) at S1'’C. 



msTAMiNE rno- 
DTJCED (as the DI- 
nTDnOCHLORIDE) 

mSTIDIVE cos- 
VEKTEP TO 
RISTAUIME 

1 

rngm. per ec. 

per cent 

1-day culture 

0.094 

ll.C 

2-day culture 

0.191 

23.0 

5-day culture / 

0.417 

51.0 

11-day culture 

0.444 

55.0 

15-day culture 

0.463 

57.3 

23-day culture 

0.4GO 

50.9 

30-day culture 

0.45S 

50.7 


during the first 24 hours; that most of the production takes place 
nithin 5 days, and that the maximum 3 deld is obtained in about 
2 weeks. 


n. THE EFFECT OF THE pH ON THE PRODUCT/ON 
OF HISTAMINE 

The effect of the pH was tested in a ^mriety of ways. The 
most satisfactory procedure was as follows: A small amount of 
glucose (0.3 per cent) was added to the medium. Eight to 10 
hours after inoculation, when active growth had started, the 
cultures were adjusted to the desired pH by the addition of 
sterile 10 per cent acetic acid or 4 per cent sodium hydroxide. 
During the first 48 hours, the pH of a culture changes rapidly, 
and the pH must be adjusted every 6 to 8 hours; after that, two 
or even one daily adjustment suffices. To determine the pH, 
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large loopfuls of the cultures were mixed with drops of indicator 
on a spot plate; the colors were then compared with those pro- 
duced in a similar way by Icnown buffer solutions. 

The results thus obtained with several histamine-producing 
organisms are shown in table 2. This table shows that, with 
two exceptions, the maximum yields of histamine are obtained 
at pH 5.0 to 5.5. In no case (except with Aerobacter aerogenes) 
was there appreciable histamine formation at a pH more alkahne 
than 6.2. 


TABLE 2 


The effect of the pH on the histamine production on medium B {meal exlracl- 
peplone-hislidine, but with 0.3 per cent glucose) 


OROAKISU 

TEMPER- 

ATURE 

OF 

INCUBA- 

TION 

pH 

4.6 

pH 

6.0 

pH 

5.3 

pH 

5.5 

pH 

5.7 

pH 

6.0 

pH 

6.5 

pH 

7.0 

pH 

7.5 

pH 

8.0 


“C. 











Escherichia coli Sto 

26 

0.008 

0.016 

0.016 

0.021 

0.037 

0.070 

0.013 

0 

0 

0 

Escherichia coli Ev. 

31 

0.107 

0.168 

0.053 

0.044 

0.032 

0.010 

0.002 

0 

0 

0 

Eseheriehia coli Har. 

37 

0.065 

0.123 

0.098 

0.098 

0.068 

0.020 

0.005 

0 

0 

0 

Salmonella schotlmuelleri Old 

31 

0.157 

0.380 

0.364 

0.304 

0.276 

0.065 

0.034 

0 

0 

0 

Shigella dysenteriae St 

31 

0.357 

0.432 

0.448 

0.245 

0.242 

0.245 

0.020 

0 

0 

0 

Shigella ‘paradysenleriae Rya 

31 

0.061 

0.133 

0.157 

0.120 

0.088 

0.073 

0.020 

0 

0 

0 

Shigella alkalescens Kau 

31 

0.123 

0.266 

0.197 

0.187 

0.136 

0.081 

0.015 

0 

0 

0 

Eberthella iyphi Mt. S 

37 

0.107 

0.264 

0.357 

0.352 

0.243 

0.165 





Aerobacter aerogenes Hul 

26 

0.136 

0.211 

0.485 

0.501 

0.488 

0.485 

0.485 

0.488 

0.272 

0.048 


The results are recorded os xngm. of blstamioe di-hydrochloride per cubio centimeter of culture. The 
time of incubation was 14 days. The temperatures selected were those that are optimal for histamine 
production by that organism. 


The two organisms in table 2 that gave unusual results are 
Escherichia colt Sta. and Aerobacter aerogenes Hub E. coU Sta., 
which is a very efficient producer of histamine on other media 
(table 3) has consistently given low values for the meat-extract- 
peptone-histidine-glucose medium, which apparently contains 
some inhibitory factor which may also be responsible for the 
somewhat atypical pH effect. Aerobacter aerogenes Hub, and 
other histamine producers of this species, differ from all other 
histamine-forming organisms in being uninfluenced by the pH 
over a wide range. Only at the extremes (pH 5.0 to 5.5, and 
7.5 to 8.0) is there any decrease in histamine production. 

Koessler and Hanke (1919b) concluded, from their study of 




210 


AEJCOLD H. EGGERTH 


Escherichia coli, that an acid reaction was indispensable for 
histamine production. Bertrand and Berthelot (1913), hicllanby 
and ^ort (1912-13) and Jones (1918), on the other hand, have 
described organisms which produce histamine in alkaline reactions 
only, never in the presence of glucose. A search was made for 
such organisms, using the technic employed by these authors, 
but "without success. As Jones succeeded only once in 50 at- 
tempts, such organisms cannot be common. 

III. THE EFFECT OF THE TEMPERATURE AND THE 
COMPOSITION OP THE MEDIUM ON 
HISTAMINE PRODUCTION 

Table 3 shows the effect of these two factors on histamine 
production by several representative organisms. 

Temperatures above 37°C. depress histamine formation by all 
of the bacteria tested. In most cases, temperatures of 20°C, or 
less are also unfavorable. With some organisms (such ns 
Salmonella enteridiiis V and some not given in table 3) variations 
between 37°C and 26°C. have very little effect. In most in- 
stances, however, the temperature effect is very striking. An 
extreme case is that of Escherichia coli Sta., which produces over 
40 times as much histamine at 26°C, as at 37°C, on the am- 
monium-nitrate-histidine-glucose medium. Differences of 3- or 
4-fold in the histamine yield with a variation of only a few 
degrees of temperature are common. 

Different species and even different strains of the same species 
respond differently to temperature variations. Thus, mo-^t 
strains of Escherichia coli have their optimum for histamine f)ro- 
duction at 31° to 26°C., but others at 37°C. (such as Esr/ic- 
richia coli Har., table 3). All of the Salmonella strains studied^ 
have their optimum at 34° to 31°C.; 7 strains of Eberlhella Itjphi 
at 37° to 34°C,; 4 strains of Shigella at 31° to 2G°C.; 5 strains of 
Aerdbacter aerogenes at 26°C.; Clostridium xvelchii and Badcroidcs 
varius at 37° to 34°C.; and Bacteroides ovatus at 31°C. 

The composition of the culture fluid has a marked effect upon 
histamine production, as has been recognized by Bertrand and 
Berthelot (1913) and by Hanke and Koes.-'ler (1922). In tlic.-e 
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TABLE 3 


Effect of the Icmjtcraltire and the composition of the medium on histamine production 
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41 




0.009 



Escherichia coli 
Sta. 

37 

0.010 


0.157 

0.055 


0.537 

34 

0.185 

Hi 

0.840 

0.480 


2G 

0.425 

0.451 

0.629 

0.637 

0.126 

0.633 


20 

0.041 

0.440 

0.580 

0.522 


0.118 


41 



0.013 

0.025 



Escherichia coli 

37 

0.003 

0.017 

0.058 

0.175 

0.166 

0.033 

Har. 

31 



0.032 

0.058 

0.141 



20 

0.002 

0.001 

0.023 

0.029 

0.110 


Escherichia coli 1 
Tern. j 

37 

31 

0.014 

0.061 

0.104 

0.216 

0.007 

0.065 

0.267 

0.492 

0.124 

0.151 

0.041 

20 

0.064 

0.272 

0.065 

0.645 

0.197 



37 

0.002 

0.001 

0.014 

0.138 

0.336 

0 

Salmonella schoU- 

34 

0.003 

0.005 

0.012 

0.208 

0.288 

0 

inucllcri Old. 

31 

0.003 

0.009 

0.021 

0.264 




20 

0.004 

0.011 

0.016 

0.305 

0.240 

0 


37 

0 


0.007 

0.200 

0.135 

0 

Salmonella enter- 

34 

0 


0.008 

0.211 

0.129 

0.010 

idilis V. 

31 

0 

0 

0.007 

0.352 

0.236 



20 

0 


0.009 

0.261 

0.196 



41 

1 


f 

0.027 

0.111 


Eberthella typhi 
Mt. S. 

37 

34 

i No growth 1 

0.298 

0.341 

0.303 

0.316 


31 




0.200 

0.283 

■Qiliin 


26 



1 

0.099 

0.181 



37 

0 


0.016 

0.267 

0.234 

0.022 

Shigella dysen- 

34 



0.026 

0.481 

0.362 


teriae St. 

31 

0 

0.034 

0.037 

0.498 

0.403 

0.003 


20 



0.035 

0.391 

0.411 
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TABLE 3 — Concluded 


ORaANiSif 

B 

a 

& 

H 

< 

H 

s 

u 

Sg 

o2 

& H 

ss 

K 

w H 

a 5g 
Hgp 
SSo 
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S a 

o Si 

< o 
e: u 

to O 

« 2 
29 

n B 

a 
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2 • 

2 u 

o 2 
< w 

u 

3 2° 

C C t./ 

Q *4 

mBo 

a 

1 
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P K 

a z a 
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a ^ o 

. C. o 
^ « 1 

M < u 
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W ® H 

a 

( 

1 % 

KC 

H 5 « 

< 5 o 
u 0 u 

sfcg 

SEP 

1 ^ 

K§ , 

Hifc 
•< 5 M 

*J p o 

=<£5 

ol:? 

m 

Ul 

a 


‘C. 







Shigella para- t 

37 

0.013 

0.069 

0.076 

0.560 

0.133 

o.sss 

dysenieriae | 

31 

O.OSO 

0.347 

0.399 

0.587 

O.III 

0.356 

Rya. [ 

26 

0.102 

0.475 

0.644 

0.651 

0.230 


Shigella alkales- I 

37 

0.024 

0.049 

0.104 

0.352 

0.060 

0.590 

cens Kau. 1 

31 

0.072 


0.544 

0.803 

0.136 

0.451 

{ 

26 



0.651 

0.597 

0.206 

0.060 


41 



0 

0 

0 

0 

Acrohacter aero- 

37 

■jSIjn 

0.215 

0.092 

0.011 

0.015 

0.301 

gene.t Hnl. 

31 


0.381 


0.512 

0.405 

0.325 


26 


0.466 


0.619 

0.243 

0.2S1 


20 


0.485 

BE 1 

0.275 



Clostridium j 

37 

1 


■ 

0.165* 

0.391 


wclckii Ti. 1 

31 




0.157* 

0.251 




^ No growth 





Bacteroides ( 

37 




0.076* 

0.091 


ovalus \ 

31 




0.296* 

0.207 



Results are expressed in milligram of histamine di-hydrochlorido per cubic 
centimeter of culture. The time of incubation was 14 days. 

* Cysteine hydrochloride was added to this medium in a concentration of 
1 : 1000 . 


experiments, the lowest yields usually occurred with the am- 
monium-nitrate-histidine-glucose medium. This is partly ex- 
plained by the fact that growth here is often sparse or lacking; 
the pH attained is usually 5.6 to 6.0, which is not optimal. 
With this medium, a small quantity of hnidazol bases other than 
histamine may appear in the acid extract (see table 6). 

"ViTien an organic compound of nitrogen, such as a.'^paraginc, is 
supplied in addition to the histidine, the histamine yield i.s u.=iially 
increased. Such an increase was observed hy Hanke and 
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Koessler (1922) with several amino acids. This increase is in 
part due to the more favorable pH obtained (pH 5.0 to 5.5 when 
glucose is present). In many cases, the addition of cysteine to 
the asparagine medium still further increases histamine pro- 
duction; with one organism, however {Escherichia coli, Tern.), 
the addition of cysteine greatly diminished the yield. 

I^Tien egg-yolk infusion was added to the medium, histamine 
production was in most cases greatly stimulated. In many 
instances, especially with the anaerobes and with all strains of 
Eberthella typhi, the addition of cysteine still further augmented 
the yield of histamine. 

The meat-extract-peptone-histidine-glucose medium was rather 
variable in its effect on histamine production. In many cases, 
it was as good or better than other media; while with other 
organisms it gave comparatively low yields. 

"WTien glycerol was used instead of glucose, as in the meat- 
extract-peptone-histidine-glycerol medium, the production of 
histamine was usually very low. This is probably due to the 
fact that these organisms produce little or no acid from glycerol, 
hence the pH remains too alkaline for histamine production. 
But in 5 instances (3 strains of Escherichia coli, Shigella para- 
dysenteriae Rya., and Shigella alkalescens Kau.) the production 
of histamine was considerably increased when glycerol was 
substituted for glucose (tables 3 and 4). Also, with Aerobacter 
aerogenes, there was a marked difference in favor of the glycerol, 
but only at the higher temperatures. With the 5 strains men- 
tioned above, the pH with the glycerol medium ran between 
5.7 and 6.2, reactions which one would expect to be less favorable 
for histamine production than the pH 5.0 to 5.3 obtained on the 
glucose medium. The results indicate that for these strains 
at least, the carbohydrate has some other effect than that of 
stimulating growth and providing a favorable acidity. 

The addition of 5 per cent of serum to these media made very 
little difference in the histamine yield. As a rule, the addition 
of serum slightly diminished histamine production; in a few 
cases, it shghtly increased the yield. 



214 


ABNOLD H. EGGERTH 


TABLE 4 


Production of hislamine by bacteria on media of different composition 


ORG <.N1SM 


Escherichia coli Sta.* 

Escherichia coli Har.* 

Escherichia coli O’L 

Escherichia coli Sch 

Escherichia coli Tern.* 

Escherichia coli Mai 

Escherichia coli Ort* 
Escherichia coli Kie. 

Escherichia coli Bro.* 

Escherichia coli Bak. . . 
Escherichia coli Pen. 

Escherichia coli Ev 

Escherichia coli Jon. . 

Escherichia coli HI 

Escherichia coli H 2 

Escherichia coli Ton. . 

Escherichia coli McC 

Escherichia coli IHer. . 
Salmonella paratyphi St. 
Salmonella paratyphi Erl.* 
Salmonella schottmucUeri Old.* 
Salmonella schottmuelleri 222* 
Salmonella schottmuelleri J?ak. * 
Salmonella cntcriditis V.* 
Salmonella cntcriditis JIcK. 
Salmonella suis* . . . 
Salmonella acrlrychc* 

Eberlhclla typhi Pfe.*. 

Ebcrthclla typhi Sch.* 

Eberthella typhi IMt. S.*. . 
Eberthclla typhi IMor. 

Ebcrthclla typhi Spa. 

Eberthella typhi Bra. . . . 
Eberthella typhi Dan.* 
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26 

0.425 

0.452 

0.629 

0.637 

0.126 

0.633 

37 

0.003 

0.017 

0.05S 

0.175 

O.ICG 

0.033 

26 

0.002 

0.002 

0.003 

0.019 

0.097 

0.005 

26 

0 

0.003 

0.012 

0.044 

O.OSS 

0 

26 

0.064 

0.272 

0.065 

0.615 

0.197 


31 

0 

0 

0 

0.025 

0.053 

0 

37 

0 

0 

0 

0.002 

O.lS-l 

0.25S 

37 

0 

0 0G7 

0.106 

0.121 



37 

0 

0.020 

0.016 

0.205 

0.107 

0.120 

37 

0 

0.003 

0.005 

0.027 



26 

0 

0.002 

0.002 

0.072 

0.273 

0,039 

26 

0 

0.001 

0.006' 

0 021 

O.ISS 

0.030 

26 

0 

0.007 

0.000 

0.051 



34 




0.307 

0.12S 


34 



0 

0 on 

0.110 


34 




0.213 



34 




0 053 



34 




0 212 



31 

0 

0 002 

0 027 

9.109 



31 

0 

0 

0.009 

9 207 

0.112 

0 OIG 

34 

0 003 

0.005 

0 012 0 2GS 

0.2SS 

0 

31 ( 


1 

0.007 0 352 

0.321 

0 OO'! 

31 j 

0 

0 ) 

0 jo 190 



31 

0 

0 

0 007,0 352 

0.230 

0 015 

31 ; 



0 009 0 101 



31 



0 002 0.147 

0 ,306' 

0 001 

31 



0 0 152 

0 203’ 

0 017 

37 



f 0 0S7 

0.151 

0 

37 



I 0 ISS 

o.ooo; 

0 005 

37 ' 



! 'o 29S 

0 303 

0 010 

37 

Xo 

Krov;th < 0 001 

0 032' 

0 

37 



;,o 000 

0.115^ 

0 

37 



! 0 007 

0 I20' 

0 

37 ' 



j 0 000 j 0 200^ 

0 002 


♦Crystals of histamine di-picrate, m p. 2.3S-2!1‘C. \\crc prepared from tfe 


acid extracts. 
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TABLE 4 — Concluded 


ORGANISM 
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g 

g 

e 

k» 
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HI 

1 

M 

S a 

D 00 

< o 

B2 U 

s ^ 

2 ? 
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S ^ 

SB 

1 

H ' 

si 

k2 

?? 

cogg 
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woo 

S 

E 1 a 

S “ o 

B g 8 

•log 

P 

^ W 
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M < Q 

S 2 2 
gSH 

J3 

» S 

H a 

. » a 
a 

Q K 

W H H 

s 

• 2 
sPg 

H O y 

leg 

ip 

s 5 ® 

® S P* 
w H H 

ss 


V. 







Shigella dysenleriac St.* 

31 

0 

Vm 

0.037 

0.498 



Shigella paradyscnleriae Rya.*. . . 

26 



0.644 

0.651 

|||RS 

0.356 

Shigella paradyscnleriae Son 

26 

0 



H 

MR 1 


Shigella alkalescens Knu.* 

31 




B 



Aerobacier aerogenes Hub* 

26 



0.582 

Hi 

0.243 

fm 

Acrobacier aerogenes Woo.* 

26 

IhBkk 



0.338 

0,668 

0.700 

Aerobacier aerogenes Sm 

26 




IIWgiB 

0.020 

0.078 

Aerobacier aerogenes Me 

26 



■imwrl 

0.141 

0.184 

0.067 

Aerobacier aerogenes El 

31 




0.272 



Clostridium welchii Ti.* 

37 

1 



0.165t 

0.391 


Clostridium welchii Eg 

34 







Clostridium welchii Br 

34 

1 1 

SB 3 

0.167 


Clostridium welchii Ca 

34 





Bacteroides ovatus* 

31 




|0.296t 



Bacleroides varius* 

37 

I 


1 





t Cysteine hydrochloride was added to a concentration of 1 : 1000. Results 
are expressed in milligram of histamine di-hydrochloride per cubic centimeter 
of culture. The time of incubation was 14 days. 


IV. THE ORGANISMS THAT "WERE FOUND TO 
PRODUCE HISTAMINE 

In table 4, aU of the organisms that were found to produce 
histamine have been listed. Most of them were tested at several 
different temperatures; in this table, only the yields for one 
temperature are given. This was not always the optimum, as 
the optimum temperature was not determined in every case. 

One is impressed by the fact that every organism in table 4 
has its habitat in the intestinal tract; not one non-intestinal 
organism produced histamine. The converse, however, is not 
true, for many species of intestinal bacteria do not produce 
histamine. 

Every strain of Escherichia coli that was tested produced 
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some histamine. This was likewise true of everj^ strain of the 
genus Salmonella and of everj’- strain of Bberthclla Ujphi. On 
the other hand, of the 8 strains of Shigella that were investigated, 
only the 4 given in table 4 were positive; and of 14 strains of 
Aerohacter aerogenes, only 5 produced histamine. Four strains 
only of Clostridium ivelchii were studied ; all were positive. Only 
one strain each of Bacteroides ovatus and Bacteroides variiis were 
available. 

V. HISTAMINE PRODUCTION BY “RESTING” BACTERIA 

Medium 7, containing only histidine and salts, was employed 
in these experiments. As little or no growth can take place in 

TABLE 5 


Histamine production by resting bacteria 


ORQANISlf 

HISTAMINE Dl-HT- 
DnOCHLOniDE 
rnoDUCED 

mSHDIXE co.v 

VCHTED 


mgm. pet cc» 

ret tint 

Eschericha coli Sta 

0.694 

85.9 

Escherichia coli Har 

0 

0 

Salmonella schotlmuelleri 222 

0 

0 

Eberthella typhi Mt. S 

0 

0 

Shigella dysenteriae St 

0 

0 

Shigella paradysenteriae Rya 

0.437 

54.1 

Shigella alkalescens Kau 

0.778 

90.3 

Aerohacter aerogenes Hul 

0 

0 


The temperature was 34°C., and the time of incubation was 7 days. 


this fluid, very heavy inoculations were made. Young agar 
cultures were washed twice with sterile distilled water, and 
enough organisms were added to the medium to give a donsitj 
of about 2 billion bacteria per cubic centimeter. 

In one experiment (table 5) the medium was brought to 
pH 5.2 vdth acetic acid; it is therefore well buffered at this pH- 

All of the organisms shown in table 5 will produce abundant 
histamine on other media. Yet only 3 of these 8 organi'^m^ 
formed histamine under these conditions; the same 3 will form 
histamine in the ammonium-nitrate-histidine-glucose medium. 
The 5 negative organisms of table 5 partially converted the 
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histidine to another base that appeared in the acid extracts; 
this base does not contain the imidazol nucleus, for only a pale 
yellow color is produced when it is coupled with sulfanilic acid. 
It is apparently identical with a base encountered by Koes- 
sler and Hanke (1919b) to which they ascribed the formula 
HCNH 5 :CNHsCH 5 CHoNHo. Imidazol bases other than his- 
tamine did not appear in the acid extracts. 

VI. THE PRODUCTION OP IMIDAZOL BASES 
OTHER THAN HISTAMINE 

As stated before, imidazol bases other than histamine appeared 
in the acid extracts only when the cultures were made on medium 


TABLE 6 

Production of histamine and of extractable imidazol bases other than histamine on 
the ammonium-nitrate-histidine-glucose medium 


ORGANISM 

mSTAMINB 

miDAZOL BASS, 
NOT BISTAUINB 

Escherichia coli Sta 

0.299 

—1 

Escherichia coli Kier 

0 


Escherichia coli Tern 



Shigella paradgsenteriae Rya 



Shigella alkalescens Kau 

0.072 




The time of incubation was 14 days; the temperature, 31°C. 

The results in both columns are expressed as histamine di-hydrochloride in 
milligrams per cubic centimeter. 


1. In this medium, ammonium salts and nitrates are the only 
sources of nitrogen beside the histidine, and glucose is present. 
When the amount of these bases is small (as is invariably the 
case), they will not be precipitated from the acid extracts by 
phosphotungstic acid (Eggerth, Littwin, and Deutsch, 1939), 
whereas the histamine will be completely removed. If the pre- 
cipitate is dissolved in sodium carbonate solution, and the 
supernatant fluid is neutralized, both fractions can be assayed 
with the diazo reagent in the usual way. The results of several 
such tests are given in table 6. 

This table shows that the total amounts of non-histamine 
imidazol bases in the acid extract were always small. For 
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this reason, no attempt was made to isolate and identify them. 
When treated with the diazo reagent, their color was* redder 
than that of the histamine standard, suggesting that they niiglif 
be methyl imidazol or some homologue such as ethyl or vinyl 
imidazol. 


ORGANISMS THAT DO NOT PRODUCE HISTAAIINE 

The following bacteria were tested on two or more media each, 
and at two different temperatures, and u'ere found negative 
for histamine. 


Proteus vulgaris 

Alcaligenes fccalis 

Shigella paradysentcriae 

Aerobacter aerogenes 

Klebsiella pneumoniae 

Klebsiella ozaenac 

Klebsiella rhinoscleromalis . 

Vibrio comma 

Vibrio melchnikovi 

Brucella abortus 

Brucella melitensis 

Pseudomonas aeruginosa 

Neisseria intracellularis 

Neisseria gonorrheae 

Neisseria flava 

Neisseria catarrhalis 

Neisseria crassus 

Slreptocoecus hemolyticus . . . 

Streptococcus viridans 

Enterococcus 

Diplococcus pneumoniae 

Staphylococcus aureus 

Corynebaclerium diphtheriae 

Bacillus subtilis 

Bacillus mycoides 

Bacillus mesentcricus 

Bacillus megatherium 

Lactobacillus acidophilus — 

Clostridium tetani 

Clostridium pulrificum 

Clostridium histolyticum ... ■ 

Clostridium bifermentans 

Bacleroides bifidiis 

Bactcroidcs pseudoramosus. . , 


^^umber of it'iini 

0 

2 

4 

0 

3 

1 

1 

1 

1 

1 

3 

f) 

3 

2 

3 

1 

1 

3 

3 

G 

3 

3 

1 


1 

1 

3 

0 
2 
3 

3 

1 

4 
3 
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Number of strains 


Bactcroides acrofacicns 3 

Baclcroidcs biformis 3 

Baclcroidcs avidus 2 

Baclcroidcs Ivnostis 1 

Baclcroidcs calcnaformis 2 

Baclcroidcs Icnliis 3 

Baclcroidcs gulosus 3 

Baclcroidcs thclaiolaomicron 3 

Baclcroidcs variabils 3 

Baclcroidcs uniformis 3 

Baclcroidcs vidgalus 4 

Baclcroidcs dislasonis 3 

Baclcroidcs cxigmis 1 

Baclcroidcs vesct/s 1 

Baclcroidcs insolilus 1 


^¥liere organisms did not grow well on the usual media, special 
media were used. Thus, 5 per cent of serum was added to cul- 
tures of the Neisseria, Streptococcus, and Diplococcus genera; 
and Lactobacillus acidophilus was cultivated in a milk histidine 
medium. 


DISCUSSION 

The only other investigations in which a large number of 
strains and species of organisms were studied have been those 
of Hanke and Koessler (1922) and of Koessler, Hanke, and 
Sheppard (1928). Hanke and Koessler studied 62 strains (29 of 
these were Escherichia coli) on a medium containing only histi- 
dine, inorganic salts, and glycerol. Six of these strains — all of 
them Escherichia coli — ^formed histamine. No positive results 
were obtained with any member of the Salmonella, Eherthella, 
or Shigella genera. Koessler, Hanke, and Sheppard studied 223 
strains from 94 species on a medium containing meat extract, 
peptone, histidine, whole blood, and glycerol. (These authors 
preferred glycerol to glucose because, when glucose was used, 
troublesome interfering substances were extracted by their 
method.) In this investigation, 9 histamine producing organisms 
were found; 2 were Escherichia coli, 1 was a Salmonella enteriditis, 
1 was a Salmonella schottmuelleri, and 5 were Salmonella morgani. 
In the same series, 7 other strains of Escherichia coli and 42 
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other strains of Salmonella were negative, as were also all strains 
of Eherthella, Shigella, and Aerobacter. 

In the present investigation, histamine was formed by every 
one of the IS strains of Escherichia coli tested; likewise e\'ery one 
of 9 strains of Salmonella (from 5 species), and every one of 7 
strains of Eherthella iyphi. Four out of 8 strains of Shigella 
were positive, as well as 5 out of 14 strains of Aerobacter acrogenes. 
Organisms from all of these genera were active producers of 
histamine, often converting from 30 to 100 per cent of the his- 
tidine to the amine. There can be no doubt that the color- 
producing substance formed by these organisms actually was 
histamine, as the cr3’’Stalline di-picrates were prepared in most 
cases from the acid extracts (table 4). 

There are several reasons why many more histamine-positive 
organisms were found than in the above mentioned investigations. 
The most important one is that glucose was employed in the 
media instead of glycerol. 'V\T(en glucose is supplied, the favor- 
able pH of 5.0 to 5.5 is usually obtained, whereas most organi.sins 
do not produce enough acid from glycerol to permit histamine 
formation. Tables 3 and 4 show the striking effect of sub- 
stituting glucose for gtycerol. 

Verj'' often the temperature of incubation is an important 
contributory factor. Hanke and Koessler (1922) and Koes.'ler, 
Hanke, and Sheppard (1928) incubated their cultures at 37.5°C., 
which is not, in most cases, the optimal temperature for liistam- 
ine production. 

Hanke and Koessler (1922) employed a medium that contained 
no organic source of nitrogen e.xcept liistidine itself. Tablc.-^ 3 
and 4 show that such a medium is usually unfavorable to his- 
tamine production, and that very few organisms will be positive 
when it is used. 


SUM-AIARV 

1. Using a simplified technic previously described (Eggcrtii, 
Littwin, and Deutsch, 1939) histamine production ha.s been 
determined in cultimes of 49 strains of bacteria, belonging to 
14 species of 7 genera. These organisms all have their habitat 
in the intestinal tract. 
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2. With the exception of Closlridmm ivelcMi, all of these 
organisms require free histidine for histamine formation. 

3. In a favorable medium, histamine production begins within 
24 hours and continues rapidly for 4 to 5 days, after which the 
rate of production decreases. 

4. For most organisms, the optimal pH for histamine pro- 
duction is pH 5.0 to 5.5, and no histamine is produced at reactions 
more alkaline than pH 6.5. However, the histamine forming 
strains of Aerobacter aerogenes will produce this amine at any 
pH between 5.0 and 8.0. 

5. The temperature of incubation markedly affects histamine 
formation. Temperatures higher than 37°C. and lower than 
26°C. are usuall}’- unfavorable. Between these limits, the op- 
timal temperatm-e varies a great deal with different organisms. 

6. The yield of histamine is determined also by the com- 
position of the culture medium. "ViTiere only inorganic ■ com- 
pounds of nitrogen are supplied, in addition to histidine, the 
yields of histamine are usually low, and some of the histidine 
may be converted to other imidazol bases. The addition of 
amino acids, such as asparagine and cysteine, or of peptone, or 
of egg yolk or meat infusion, increases histamine production. 
The nature of the added carbohydrate is also important, chiefly 
because of the effect of the pH of the culture. 
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The Seventh Edition op Standard 
Methods for the Examination op 
Dairy Products. Robert S. Breed, 
N. y. State Agricultural Experiment 
Station, Geneva. 

This well-known report is soon to be 
issued in a new edition as approved by 
the American Public Health Associa- 
tion at their Kansas City meeting, 
October 24-28, 1938. The changes 
affect the composition of the agar used 
in making agar plate counts, and the 
temperature of incubation used for 
these plates. It is required that prop- 
erly constructed incubation chambers 
be used and that the temperature be 
held at a point where it does not exceed 
37°C nor fall lower than SS’C. 

The use of microscopic examination 
of pasteurized milk as a means of 
checking the presence of large numbers 
of bacteria, either living or dead is also 
emphasized in this new report. 

The Udder Streptococci op Eight- 
een Dairy Herds. Jean Ferguson, 
Veterinary College, Cornell Univer- 
sity, Ithaca. 

A mastitis-survey of 18 dairy herds 
has included the examination of quar- 
ter milk samples for the presence of 
streptococci. For this purpose 0.1 cc. 
of milk was plated on 8 per cent horse- 
blood agar. One hundred thirty-eight 
(21 per cent) of the 655 cows were in- 
fected with streptococci. Of the 229 
cultures isolated from as many quar- 


ters, 160 (70 per cent) were Strepto- 
coccus agalactiae; 16 (7.0 per cent) were 
Streptococcus dysgalactiae; 25 (10.8 per 
cent) were Streptococcus uberis; 13 (5.6 
per cent) were of other types, and on 
the remaining 15 cultures (6.5 per cent) 
no tests were made. 

All of the Streptococcus uberis and 
Streptococcus dysgalactiae, 52 of the 
Streptococcus agalactiae cultures, and 
11 of the 13 streptococci of other types 
produced green discoloration of blood 
agar. The remainder of the Strepto- 
coccus agalactiae cultures were either 
indifferent to blood or produced nar- 
row- or broad-zone hemolysis. This 
broad-zone hemolysis was distin- 
guished from the hemolysis of two 
Group C and E cultures by an outer 
zone of hemolysis. 

In those herds in which Streptococcus 
agalactiae was present, it was the pre- 
dominating organism and the infeetion 
tended to be widespread. Infections 
due to other streptococci appeared to 
be sporadic in origin. 

Only in the most heavily infected 
herd could streptococci have been 
observed in a Breed smear of the mixed 
milk. 

Four Temperature Optima of Bac- 
teria. Leslie Dorn, N. Y. State 
College of Agriculture, Ithaca. 

The Inhibition of Bacteriophage by 
Phospholipids. Clara H. Williams, 
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Leslie A. Sandholzer and George 
Packer Berry, Universitj’ of Roches- 
ter, School of Medicine and Den- 
tistry, Rochester. 

Phospholipids, from bacterial and 
non-bacterial sources, and cholesterol 
were tested for an inhibitory action on 
a bacteriophage (C13, Burnet) which 
l 3 'ses a variety of coliform organisms. 
The plaque-count method in semi-solid 
agar was emploj’ed. 

Using two bacteriophage-susceptible 
strains of Escherichia communior ns 
test organisms, it was found that leci- 
thin from soj’beans and sphingomj'clin 
from sheep brains failed to inhibit the 
bacteriophage in concentrations up to 
1 per cent. However, two samples of 
cephalin, one from beef livers and the 
other from sheep brains, were markedlj’ 
inhibitory in concentrations of 0.2 per 
cent. This action persisted after the 
lecithin had been mixed with the sam- 
ples of cephalin in a proportion of 5:1. 

Phospholipids from the blood plasma 
of a dog exerted no inhibition. A 
sample of purified cholesterol, however, 
was stronglj' inhibitorj' in a concentra- 
tion of 1 per cent. 

The two strains of Escherichia com- 
munior, mentioned above, and a strain 
of Escherichia coli which was resistant 
to the bacteriophage, were used ns 
source materials for the preparation 
of bacterial phospholipids. The phos- 
pholipids from all three strains were 
markedly inhibitorj-, a finding which 
indicates that the inhibitor 3 ' activif 3 - 
is not specific in regard to suscepti- 
bility or resistance to bacteriophng 3 '. 

FunxHEn ExPEnisiE.vxs i.v the Dis- 
iNTECTiox or Seeds. A. Hofer 
and H. C. Hamilton, New York State 
Agricultural Experiment Station, 
Geneva. 

Further studies have been made to 
discover a disinfectant selective for the 
contaminating organisms of seeds. 


Among the agents used, two were 
unusual. One was the commonly used 
chlorine, but in the form of hypoehlo- 
rous acid; the other was a w.ar g-as, 
iodoacetone, selected for its penetrat- 
ing properties. (Chlorine is ordinarily 
used as a hypochlorite; when this is 
treated with a weak acid, h 3 'pocIiIorous 
acid is liberated — an agent many times 
more potent than the relatively stable 
commercial preparations, lodoaec- 
tone is prepared from chloracetonc and 
is water soluble.) 

Many experiments were made in this 
research to improve methods. Seeds 
were soaked in water before applying 
the disinfectant. In other experi- 
ments the coats were removed from 
peas and soybeans to obtain a clue to 
the location of contaminants. It re- 
quired in both cases stronger solutions 
to obtain results cquivnlcnt to those 
for seeds not previously soaked. 
Seeds, apparently disinfected, were 
crushed and returned to the beef broth 
where bacterial growth subsequently 
occurred in almost ever 3 ' tube. Evi- 
dently the bacteria were in the interior 
of the seed. 

CoXTAMI.V.'lTJO.V OF DlH.VKJ.VO Gm'SES 
Bx Streptococci. Leo A. Dick, 
New York State Agricultural Experi- 
ment Station, Genova. 

Numerous workers have reported 
data which show that eating utcn'ils 
arc important in the tran.sfcr of rc.spirn- 
tory and saliva-borne infcction-s. 

Since the ba“ic danger lies in the in- 
complete removal of consumer-con- 
tamination, the present study has h'm 
conducted to a.'rcrtain the validity of 
employing Strcplococcuf ralivariu'. ns 
an indicator-organi.“m of mouth ron- 
tamination. The closed lips of 
individuals were wiped with .«terile 
cotton swab=. To determine wheth'-r 
the organism" from the lip^ and rnout.*; 
arc deposited on drinking glas^e*, ear.. 
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individual was given n drink of sterile 
fruit juice from a sterile glass. The 
rim of the glass was then swabbed with 
a sterile swab. The swabs wore incu- 
bated for 12 hours at 38°C. in enrich- 
ment broth and then plated in 8 per 
cent horse-blood veal infusion agar and 
incubated for 24 hours at 37°C. Typi- 
cal streptococcal colonies e.vhibiting 
alpha to gamma hemolysis were picked 
and their fermentative reactions 
studied. 

Streptococcus salivarius was recov- 
ered from the lips and drinking glass 
of every individual. 

The Etiology of TuBBncoLOsis op 
Fish. J. A. Baker, N. Y. State 
Veterinary College, Ithaea. 

On the Nature op Adaptive En- 
ZT.MES. Otto Rahn, N. Y. State 
College of Agriculture, Ithaca. 

Shock Disease. Carl L. Larson, 
University of Rochester, Rochester. 

A Strain of Enterococcus (Strepto- 
coccus FECALis) Giving Cross- 
Reactions with Pneumococcus 
Type III Antiserum, Isolated 
FROM the Blood Streaji of a Pa- 
tient. E. Witebsky, J. MacCallum, 
E. Neter and C. Riclibarl, The Buffalo 
General Hospital, Buffalo. 

The strain of enterococcus under 
investigation was isolated from a pa- 
tient with septicemia following abor- 
tion. It grew well on blood agar 
plates, causing greenish discoloration. 
It produced in 1 per cent glucose broth 
a pH of 4.5; it caused acid production, 
reduction, and clot formation in litmus 
milk, reduced methylene blue, fer- 
mented aesculin, produced acid from 
lactose, salicin, mannitol. It grew in 
6.5 per cent NaCl-broth, was bile- 
insoluble, and grew in broth containing 
optochin in a concentration of 


1:100,000. It was relatively heat- 
resistant. The supernate of the broth 
culture gave a definite reaction with 
Pneumococcus Type III antiserum, 
although the precipitation occurred 
somewhat more slowly and was some- 
what less intensive than with Pneumo- 
coccus Type III. The suspension of 
the strain was agglutinated by Pneu- 
mococcus Tj'pe III antiserum. Al- 
though the strain failed to kill mice 
upon intraperitoneal injection, it could 
be recovered from the heart’s blood. 
Smears of the peritoneal exudate 
revealed encapsulated diplococci; the 
supernate giving precipitation with 
Pneumococcus Type III serum. Other 
pneumococcal antisera (including Type 
VIII) failed to give any reaction with 
either the culture or the peritoneal 
exudate. The cross reaction with this 
particular strain was constantly found 
for about ten weeks; subsequent sub- 
cultures, however, lacked this property. 

The Action of Sulfanilamide on 

Meningococci in vivo and in 

VITRO. Erwin Neter, Children’s 

Hospital and University of Buffalo, 

Buffalo. 

At the Children’s Hospital two cases 
of meningococcal meningitis were 
treated with sulfanilamide alone. One 
patient was a baby ten weeks old who 
was suffering from a recrudescence of 
meningococcal meningitis. After the 
intraspinal injection of sulfanilamide, 
the spinal fluid became sterile in 72 
hours and the patient made an un- 
eventful recovery. The spinal fluid 
of the second patient became sterile 24 
hours after the administration of large 
doses of sulfanilamide by mouth. 

The action of the sulfanilamide upon 
meningococci in the spinal fluid from 
patients with meningococcal menin- 
gitis was studied. It was found (1) 
that sulfanilamide inhibited the growth 
of meningococci in spinal fluid; (2) that 
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previous treatment of meningococci 
with sulfanilamide was followed by a 
retardation of the growth rate on sub- 
cuHure or by a loss ol viability. These 
effects of sulfanilamide were also 
obtained in the absence of leucocytes. 

The Bacteriostatic Efeect of Sci,- 

FAKILAMIDE, DlSTTLOK, AKD NeO- 

PEO.VTOsiL IX Vitro ox Acid-Fast 

Bacilli. C. M, Carpenter and L. L. 

Gibbons, University of Rochester 

School of Medicine and Dentistry, 

Rochester. 

Thirty strains of acid-fast bacilli 
were e.vposed in vitro to 1:10,000 con- 
centrations of sulfanilamide, Disulon, 
and ISTeopront osil. This procedure was 
repeated at least 5 times with each 
strain. A number of the strains were 
exposed in the same manner to 1:5,000 
and 1:2,500 concentrations of each 
compound. 

Twenty-one of the strains were 
chromogenic. Fourteen were isolated 
from cases of cutaneous leprosy, and 7 
from miscellaneous sources. Of the 0 
non-chromogenic strains, 5 were from 
lepromata, and 1 from sputum; 3 were 
Mycobacterium tuberculosis, avian and 
human strains. . 

Exposure to sulfanilamide and to 
Disulon inhibited completely or par- 
tiallj' the growth of 8 strains of so- 
called Mycobacterium leprae, 1 strain of 
Mycobacterium Icprac-murium, and 1 
unidentified strain isolated from spu- 
tum. Of these leprosj' strains, 4 were 
isolated by Kedrowski, 3 in our labora- 
toiy, and 1 by Needham. No inhibi- 
tion was noted in the growth of the 
strains of Mycobacterium tuberculosis, 
the so-called saprophytic chromogenic 
strains, and the 6 remaining cultures 
isslated from lepromata. 

Concentrations of the drugs greater 
than 1:10,000 showed no further in- 


hibition. Neoprontosil did not inhibit 
growth in any instance. No bacteri- 
cidal effects were observed. The 
action of sulfanilamide and Disulon 
was entirely bacteriostatic. 

Resistaxce of the Go.vococcrs iv 

l^ITRO TO GraDUALLT LvcI!E.4SED 
C0XCEXTR.\TI0XS OF SULFAN’ILAVIDE. 
R. A, Book and C. H/. Carpenter, 
University of Rochester School of 
Medicine and Dentistry, Rochester. 
Six strains of N’cisscria gonorrhocct 
were grown in blood-glucose-ascitic 
fluid broth containing gradually in- 
creased concentrations of sulfanilamide 
and tested daily for viability. 

Two strains grew well in 0.01 per cent 
sulfanilamide on isolation, but failed 
to survive after 72 hours in 0.02 per 
cent. After daily transfers for 17 and 
12 days, respectively, in 0.01 per cent 
sulfanilamide, both strains thrived in 
a 0.02 per cent concentration. 

Three strains, which survived for 
only 24 hours in 0.02 per cent sulfanila- 
mide, were grown for 35 daj'S in 0.01 
per cent and then c.xposed to concen- 
trations of 0.02, 0.03, 0.04, 0.05, and 
0.06 per cent of the compound. Each 
continued to grow in the first three 
concentrations. In 0.05 and 0.00 per 
cent, a few organisms from 2 strains 
remained viable for only 24 hours, while 
the third strain did not survive. 

The sixth strain, recovered from a 
patient after extensive sulfanilamide 
treatment, grew lu.xuriantly in 0.01 per 
cent when isolated. It required culti- 
vation in 0.02 per cent for 91 days, with 
daily transfer, before it grew .«ati*- 
factorily in O.OS per cent Bulfanilornid'-. 
A control culture, cultivated without 
sulfanilamide for the same period of 
time, did not survive O.OS per cent for 
21 hours. 
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Some Efpects op Low Velocity 
Electrons on Microorganisms. 
Caryl P. Haskins, Union College, 
Schenectady, New York. 

An instrument has been constructed 
to study the effects of beams of low- 
velocity electrons of high homogeneity 
in density and velocity upon various 
microorganisms. All work is of neces- 
sity done in high vacuum. The work 
is of interest for a niunber of reasons. 
The beam acts essentially as a blunt- 
edged probe wherewith to e.xplore the 
organism. It may be hoped to shed 
some light on the quantitative nature 
of the action of x-rays on living single 
cells, since the absorbed electrons can 
be made equal in number and range to 
the average range and density of the 
released secondary electrons in tissue 
when bombarded by x-rays of any 
desired wavelength over a wide range. 
It can also be used in investigations of 
the killing "sensitive volume” concept, 
and in a study of the mechanism of 
mutations under ionizing radiations. 
Work so far has been done with spores 
of Ascomycete fungi of the genera 
Penicillium and Aspergillus, w'hich 
show good resistance to vacuum killing. 
Some mutations have been produced in 
Aspergillus, which are shown. It is 
expected to extend the work to both 
larger and smaller single-celled organ- 
isms, and to viruses. 

A Study of Pneumococcus Type Dif- 
ferentiation IN A General Hos- 
pital. Arthur W. Wright. De- 
partment of Bacteriology, Albany 
Medical College, Union University, 
Albany, New York. 

During a one-year period, 562 speci- 
mens of sputum for pneumococcus type 


differentiation were received in the 
laboratory of the Albany Hospital. 
These specimens came from 300 pa- 
tients whose ages varied from 17 
months to 79 years. Clinically, 93 of 
the patients suffered from lobar pneu- 
monia, 96 from bronchopneumonia, 2 
from empyema, one from meningitis, 
while 108 had no clinical evidence of 
pneumonia. 

Lobar pneumonia was most common 
in the fourth, fifth and sixth decades, 
49 of the 93 cases falling into these age 
groups. The predominating pneumo- 
coccus types found were I, III, IV, 
VIII, XII, V and XIV, in that order. 
These strains were incitants in 62 cases. 
In 10 cases pneumococci could not be 
found but other microorganisms, 
chiefly Streptococcus hemolyticus, were 
isolated. These may have been the 
inciting agents. Forty-four patients 
with pneumococcus lobar pneumonia 
were treated with specific antiserum. 
This group is too small to use as a basis 
for an analysis of results. 

Of the patients with pneumococcus 
lobar pneumonia 17 had septicemia, as 
follows: Type I, 3 cases; Type III, 4 
cases; Type XII, 4 cases; Type VIII, 
2 cases; and Type IV, V, IX and XIV, 
one case each. Serum treatment was 
administered to the patients with Type 
I and Type V pneumococcus pneu- 
monia and to one of the patients with 
Type XII pneumococcus infection. 
Two patients, one who had received 
Type V antiserum and the other Type 
XII antiserum, recovered. All others 
died. 

A Study of the Appearance op Serum 

Agglutinins and Positive S.S.S. 

Skin Reactions in Patients with 
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P>rEUMOCOCCUS PXEUMONIA — A Pre- 
LixnNART Report. Mabel S. Ingalls, 
Department of Bacteriology, Al- 
bany jNIedical College, Union Univer- 
sitj', Albany, New York. 

Si.xteon of seventeen serum-treated 
pneumonia cases showed a strong titer 
of agglutinins in their blood, after 
administration of antiserum. The 
seventeenth showed no agglutinins and 
died. Of the 16 with agglutinins, 3 
also died. On autopsy all 3 were 
found to have had complications not 
due to pneumococci. 

Nine of the above cases were also 
tested for skin reacti\'itj' to the carbo- 
hydrate of the causative pneumococci. 
Seven gave positive reactions, one was 
negative, despite a strong agglutina- 
tion titer and died, and one never gave 
a frankly positive reaction, 'lost his 
agglutinin titer after 4 days and ran a 
temperature of 103°. 

The tests for the presence of aggluti- 
nin in the patient’s serum were carried 
out by the slide agglutination method 
of Bullowa.* The tests for skin re- 
activity to the specific carbohydrate 
were carried out, according to the 
technique of Francis,’ with purified 
carbohydrates from the Di\’ision of 
Laboratories and Research of the N. Y. 
State Department of Health. 

From these few results it would seem 
the agglutination test is of value in 
indicating the concentration of anti- 
bodies in the patient’s blood. 

The carbohydrate skin reaction is 
valuable in showing there are no serious 
complications and predicting recovery. 

A PRELiMnsART Report on* the 
Chemother.apedtic Actios or 2- 

(P-AMI>'OBEXZEN'ESI7LrO.N'AMIDO)Pv- 


’ N. Y. State Jour. Medicine, 37, 
Apr. 15, 1937. 

’ J. Ex. Medicine, 67, 4, 017, 1933. 


ridin-e, M. a- B. 693, ok TvrE-lII 
P.N'EUMOcoccAL Infections in Mirr 
John K. Miller, Division of L.ahora- 
torics and Research, New Vork Stiti' 
Department of Health, Alb.my. 
The blood concentration attained 
one and two hours after oral adminis- 
tration of 10-, 20-, or 40-mg. of 
M. it B. 693 to 20-gram mice was the 
same — from 22.5 to 25 mg. per cent of 
free M. (t B. 693. Subcutaneous doses 
of 20 and 40 mg. produced a concentra- 
tion of 10 and 20 mg. per cent, re.spec- 
tively. The free M. A" B. 693 in the 
viscera was, in general, from 75 to 90 
per cent of the blood concentration, but 
in the liver only 25 per cent. 

The effect of M. & B. 693 and of M. A 
B. 693 combined with scrum therapy on 
pneumococcal infection in 20-gram 
mice was studied with 10,000 m.i,.d. of 
a stock mouse-passage strain of type- 
III pneumococcus. Ten-, 20-, or - 10 - 
mg. subcutaneous doses of M. A B. 
693 alone or with one dose of specific 
antiserum that by itself afforded 20- 
pcr-ccnt survival were given imme- 
diately and at 7, 24, 48, 72, and 9C 
hours after inoculation of pneumococci 
to groups of ten mice. The combined 
therapy was definitely the more effee- 
tive. 

Effect of Ketene on DiriiTiinnic 
Toxin. L. II'. Hyman, Division of 
Laboratories and Research, New 
York State Department of JIc.altb, 
Albany. 

The study of the effect of ketene on 
crude diphtheric toxin was undert.nl.en 
to ascertain the extent of ncetyl.ation 
of the amino group and its po'^ible 
significance in the formation of toxoi 1. 
The ketene was prepared according to 
the method of Ilurd and Coehran 
(1923). To 100 ml. of toxin, 45 gra.m* 
of sodium acetate were added and t!.* 
mixture cooled to 5’C. On introdue- 
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ing ketenc, the pH was lowered; normal 
sodium hydroxide was added during 
the acetylation to maintain the desired 
pH. The solutions were dialyzed 
against running water and then either 
adsorbed on calciiun phosphate and 
dissolved in ammonium citrate or con- 
centrated by ultrafiltration. The ace- 
tylations were done at pH 7.0, 8.0, 
and 8.2. The reduction of amino 
nitrogen ranged from 40 to 100 per cent; 
with a reduction of over 50 per cent, 
the Lf value and the number of m.r.d. 
per milliliter decreased. The acety- 
lated toxins had little or no antigenic- 
ity. One toxin which had 1,000,000 
M.H.D. per milliliter and an Lf of 18.8 
in twenty-six minutes was treated with 
ketene at pH 8.0 for one hour. The 
amino nitrogen was reduced 93 per 
cent, the number of si.b.d. to 500 per 
milliliter, and the Lf to 13.4, with the 
time of flocculation increased to four 
hours. 

The Effect of Colchicine on Tissue 
Cultures of Tadpole Heart. 
Myrtle Shaw, Division of Labora- 
tories and Research, New York 
State Department of Health, Albany. 
Although colchicine has been re- 
ported as relatively nontoxic for frogs, 
tadpole cardiac tissue proved sus- 
ceptible. Fragments failed to show 
migration and growth when explanted 
into a medium containing colchicine 
in a concentration of 1 part per 
10,000,000. A concentration of 
1:100,000,000 did not inhibit growth. 

When one loopful of colchicine, di- 
luted 1:50,000 in Tyrode’s solution, 
was allowed to act for from six to eight 
hours on cultures in which growth had 
become established, no mitoses were 
seen in stages beyond metaphase. 
Many mitoses were abnormal. A 
marked increase was noted in the num- 


ber of dividing cells in comparison 
with untreated control cultures. 

A comparable accumulation of mi- 
toses was seen in cultures treated with 
diphtheric toxin for twenty-four hours 
before the application of colchicine. 
This suggests that the preliminary 
treatment with toxin had not caused a 
cessation of cellular activity. 

A Collodion Sac fob Use in Animal 
Experimentation Albert H Har- 
ris, Division of Laboratories and 
Research, New York State Depart- 
ment of Health, Albany 
The sacs described represent a radi- 
cal departure from those of Gates 
(1921) although many of his technical 
details have been adopted. Stainless 
steel-wire gauze curved as a cylinder is 
closed at both ends with molded oar- 
nauba wax and a glass tube is passed 
through one end. Both ends of the 
sac and the line of approximation of 
the gauze are covered with alcohol- 
ether collodion which is allowed to dry 
for several hours. The sac is dipped 
in the percentage of acetic-acid col- 
lodion required in the given experi- 
ment, allowed to drain for a specified 
time (the collodion which collects at 
the bottom on the inside is aspirated), 
and then plunged into filtered tap 
water. All of the solvent is washed 
out in periodic changes of the water. 
The rate of flow of water is measured. 
The sac is sterilized for about eighteen 
hours in a solution of 1 part of B.K. 
(hypochlorite solution) in 100 parts of 
distilled water and then washed in a 
large volume of sterile distilled water. 
The sac is filled by a Pasteur pipette 
and sealed with paraffin and collodion. 
At the completion of the in vivo experi- 
ment, the sac is opened by thrusting a 
hot wire through the collodion and 
paraffin seal, and the contents are 
removed by a Pasteur pipette. 
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A Simplified ApPAnAxus for the 
Preservation of Bacterial Cul- 
tures IN THE Dried State. Frank 
J . Grahill and Merlin L. Cooper, 
Children’s Hospital Research Foun- 
dation and the Department of 
Pediatrics, University of Cincinnati 
College of Medicine, Cincinnati. 

A simple vacuum apparatus was 
designed to freeze and drj- 32 bacterial 
cultures simultaneously. The appa- 
ratus consists of a vacuum pump, two 
Wolff bottles, attachments for 32 glass 
ampules of culture and a chemical 
desiccant, “Drierite.” 

The principle involved is that of 
reducing the vapor pressure of the 
system to the e.vtent that the moisture 
will evaporate from the surface of the 
bacterial cultures with sufficient rapid- 
ity to freeze them. Once frozen, the 
water sublimes from the frozen cul- 
ture to the desiccant, the rate being 
sufficient to retain the cultures in the 
frozen state throughout the desiccation 
period. The ampules containing the 
bacterial cultures arc blown from ordi- 
narj’ 9 mm. glass tubing. After the 
dehydration of the cultures, the am- 
pules while still attached to the vacuum 
apparatus are sealed with a suitable 
blow torch. 

All members of the Salmonella, Ebcr- 
thclla and Shigella groups so preserved 
have retained their viability and cul- 
tural and biochemical characteristics, 
without any detectable changes, over a 
period of si.v months. Further studies 
and obseiA’ations are in progress. 

The simplicity of the apparatus 
makes low-temperature desiccation of 
heat-labile substances available to the 
average laboratory. 


An Accessory Factor REqriR.co ror. 
THE Synthesis of PoLY.-Acx'iiM'.ipr 
BY Leucono.stoc. irorncr Cnrh >•;' 
and G. L. Stahly, Department of 
Bacteriology, Ohio State Univer.-ity, 
Columbus. 

Studies Were made of the mniie of 
action and chemical nature of the raw 
sugar extract reported by Carruther.'! 
and Cooper ns stimulating the syiitiie- 
sis of the polysaccharide, de.vtran, by 
Leuconosloc mesentcroides and L, des- 
trameum in media containing chem- 
ically pure sucrose. 

Determinations of bacterial num- 
bers, sucrose titers, dextran yicld.s and 
hydrogen-ion changes in C. P. Surro^e 
media with and without added raw 
sugar extract indicated that the stimu- 
lating material should be referred to ns 
an “accessory” rather than a "growth" 
factor, since it caused a marked stimu- 
lation of the rate of de.vtran synthe.*'!'! 
without a corresponding significant 
increase in the observed number of 
bacteria per cc. Three types of 
Leuconosloc could be distinguished on 
the basis of ability to synthoiie 
dextran in a medium containing C. P. 
sucrose, phosphate and peptone; (a) 
type 1, which did not reguire the pres- 
ence of the factor to form approxi- 
mately the theoretical amount (.V) per 
cent of the sucro'e in the medium) of 
dextran in -IS to 72 hours time; (b) 
type 2, which could also synthfire 
the maximum amount of dextran in the 
absence of any added factor, but only 
after about 10 d.ays incubation; .and 
(c) type 3, which gave yields of 
dc.xtran of only a few per cent of tf.e 

* 11. A. Toulmin, Jr. Researeb I’ellow. 
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theoretical, regardless of the length of 
the incubation period. Addition of 
the factor to the medium allowed all 
three tj’pes to form approximately the 
theoretical amount of dextran in 24 
to 36 hours. 

The factor was extracted by alcohol 
from some unrefined cane sugars, but 
it was not found in any of the unrefined 
beet sugars tested. The accessory 
factor was also demonstrated in the 
sterile, cell-free filtrates of broth cul- 
tures of some strains of Staphylococcus 
aureus, and of C. P. sucrose cultures of 
type 1 Leuconosloc. 

Tests on highly active alcoholic ex- 
tracts of raw sugar demonstrated that 
the factor is: (1) not a protein; (2) 
soluble in methyl alcohol, ethyl alcohol 
and pyridine; (3) insoluble in acetone, 
ether, dioxane, benzene and ethyl 
acetate; (4) not adsorbed by activated 
charcoal; (5) adsorbed by aluminum 
gels at pH 10, and eluted at approxi- 
mately pH 4; and (6) resistant to 2 
hours autoclaving at 120°C. at pH 4.2, 
but destroyed under the same condi- 
tions at pH 8.5. 

Diluted and Undiluted Diphtheria 
Toxoid as Immunizing Agents in 
Man. Hortense Schmitz, Depart- 
ment of Hygiene and Bacteriology, 
Western Reserve University, Cleve- 
land. 

A Comparative Study op Bacterio- 
logical Examinations of Restau- 
rant Utensils. Otto P. Behrer and 
Wm. M. Moody, Cincinnati Depart- 
ment of Health, Cincinnati. 

Three bacteriological methods of 
testing restaurant eating utensils are 
described and evaluated: the direct- 
culture, moist-swab and the wet-swab 
methods proposed by Fellers, Levine 
and Harvey. The direct-culture 
method consisted in collecting knife. 


fork, spoon, glass and plate in sterile 
towels and bringing them into the 
laboratory. Forks, spoons and knives 
were immersed in melted nutrient agar 
in sterile petri dishes. The rim of the 
glass was also immersed in agar and the 
inside washed with 10 cc. of sterile 
water of which 1 cc. was plated. The 
same procedure of washing and plating 
was followed with the plates. The 
moist-swab method consists in adding 
0.4 cc. of water to the tube containing 
the swab and autoclaving. In practice 
the swab is rubbed over the surface to 
be examined, replaced in the tube and 
submitted to the laboratory. It is 
now transferred to a tube of sterile 
water (2.5 cc.) vigorously shaken and 
the entire liquid plated in melted agar. 
The wet-swab method uses 1 tube con- 
taining the 2.5 cc. of sterile water with 
swab, and is used in the same manner 
as the moist-swab. 

In actual practice the moist-swab 
method was found more practical and 
is recommended as the method of 
choice, both because of its adaptability 
to field service and because of the 
results obtained. 

Heterophils Antigenicity of Bru- 
cella Abortus. D. Frank Holtman, 
Department of Bacteriology, Ohio 
State University, Columbus. 
Previous investigators have con- 
sidered Brucella abortus to be free of 
Forssman heterophile antigen. How- 
ever, evidence obtained during the 
present experimentation shows that 
certain strains of this bacterium can 
stimulate in rabbits the formation of 
antibodies capable of agglutinating or 
hemolyzing sheep red blood cells. 
Two cultures of B. abortus, isolated 
from supraspinous bursitis in horses, 
possessed this property even after 100 
transfers on an agar medium free of 
heterophile antigen. Two cultures iso- 
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lated from cattle failed to demonstrate 
heterospecificity, although a third 
culture of bovine origin, after several 
years of growth on horse serum agar, 
was able to induce heterophile anti- 
body formation in rabbits. Since the 
horse provides a rich source of Forss- 
man antigen, an agent lacking in cattle, 
it seems probable that the hetero- 
specificity of the bacteria was acquired, 
not only from the living animal, but 
also from culture media incorporating 
its serum. 

Systemic Torulosis with Case Re- 
port AND WITH Reference to Early 
Cases Simulating Hodgkin’s Dis- 
ease. Thomas L. Ramsey, St. Vin- 
cent’s Hospital, Toledo. 

The Specificity of the Keratins. 
L. Pillemer and E. B. Baker, Insti- 
tute of Pathology, Western Reserve 
University, Cleveland. 

A Bacteriological and Serological 
Study op 245 Infants and Young 
Children with Acute Gastro- 
enteritis. Merlin L. Cooper, with 
the assistance of H. M. Keller, J. B. 
Milliken, B. Johnson, H. F. Marsh, 
F. J. Grahill and G. TV, Thomas, 
Children’s Hospital Research Foun- 
dation and the Department of 
Pediatrics, University of Cincinnati, 
Cincinnati. 

During the summer of 1938, 796 stools 
from 245 infants and young children 
with acute diarrhea were cultured for 
Shigella paradysenteriae. Each stool 
was streaked on four plates each of 
Endo’s medium, eosin methylene-blue 
medium, sodium desoxycholate citrate 
medium and MacConkey’s medium. 
Suspicious colonies were picked and 
their cultural characteristics deter- 
mined in suitable carbohydrate media, 
gelatin and citrate agar. Motility 


observations were made after 4 and 
24 hours’ incubation. Forty-one per 
cent of these patients were found to 
have Shigella paradysenteriae in one or 
more of their stools. 

In the order of decreasing efficiency 
the four media were as follows: sodium 
desoxycholate citrate, MacConkey’s, 
eosin methylene-blue, and Endo’s. 

Three different fermentative types 
of Shigella paradysenteriae were iso- 
lated, differing in carbohydrate reac- 
tions. 

The blood sera of 70 patients were 
tested for agglutinins for antigens 
prepared from Shigella paradysenteriae 
isolated from earlier patients and 22 
were found positive, 12 slightly posi- 
tive, and 36 negative. 

Agglutinating antisera had also been 
prepared prior to this summer for 4 
of our 7 antigens. The Shigella para- 
dysenteriae isolated from 90 of our 
patients during this study were tested 
for their agglutinability by these sera. 
Fifty-five were agglutinated signifi- 
cantly, 12 were doubtful, and 22 were 
negative. 

Further Experiments on the Wash- 
ing OF Hemophilus Pertussis Vac- 
cine. J. A. Toomey and William 
Takacs, Department of Pediatrics, 
Western Reserve University, Cleve- 
land. 

The Growth Requirements of Ba- 
cillus ANTHRACis. Maurice Landy, 
Research Division, S.M.A. Corpora- 
tion, Cleveland. 

It has been found that, although 
Knight observed that his “staphy- 
lococcus factor” of yeast stimulated 
growth of Bacillus anthracis and subse- 
quently discovered that in his yeast 
concentrate nicotinic acid and thiamin 
were the biological factors essential 
for the growth of Staphylococcus aureus. 
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it is not these two vitamins but still 
another factor in yeast that is essential 
for the growth of B. anthrads. 

The B. anthrads growth factor is not 
replaced by thiamin, nicotinic amide, 
beta alanine, pimelic acid, glutathione, 
betaine, riboflavin, glucosamine, vita- 
min Bj, or the acidic ether extract of 
yeast, either singly or in various 
combinations. 

Meat extract, liver extract and yeast 
are good sources of the growth factor. 

Two concentrates of the B. anthrads 
factor prepared from yeast exhibited 


growth stimulation at levels of 1 and 
30 micrograms, respectively. 

High vacuum distillation of a potent 
concentrate at temperatures from 
120° to 160°C. at 0.002 mm. mercury 
results in the activity remaining in 
the residue. 

The growth factor is resistant to 
autoclaving, to acid and alkali, and to 
light, is adsorbed on norite charcoal 
at pH 1.4, is soluble in water and 
aqueous alcohol, and is insoluble in 
acetone, ether and chloroform. 


CENTRAL PENNSYLVANIA BRANCH 
State Coi/Eeoe, Pa., November 26, 1938 


Comparative Study of the Intra- 
cuTANEOus Injection of P.P.D. and 
THE VoLLMER PaTCH TeST FOB THE 
Detection of Tuberculosis. J ohn 
Tl'. Rice, Buoknell University. 

Due to reluctance on the part of 
many college students to submit to the 
use of the hypodermic needle, it was 
decided to study the patch test devised 
by Vollmer for the testing of young 
children. 

A group of 265 students were tested 
by intracutaneous injection of P.P.D. 
in standard dose and simultaneously 
with the Vollmer Patch Test. To 
summarize, 52.8% of the group were 
negative to both tests; 23% were nega- 
tive to the Vollmer test but showed a 
one plus reaction to P.P.D.; 13.6% 
showed agreement in one plus reactions 
while in the group of fairly strong 
reactions to P.P.D., 0.75% were nega- 
tive; 2.64% were faintly positive; and 
1.6% were definitely positive to the 
Vollmer test. A total of 5.3% showed 
stronger reactions to the Vollmer test 
than to 'P.P.D. Delayed reactions 
were quite common in the case of the 
Vollmer test. 

The relative high number of negative 


reactions together with the delayed 
response of the Vollmer Patch Test 
would seem to indicate that this test 
is not applicable to the college age 
group. 

Studies of Cacao Fermentation. S. 

Eoynak, T. S. Polonsky and R. W, 

Stone, Pennsylvania State College. 

A study has been made of the micro- 
flora of cacao beans, together with some 
resulting chemical changes produced 
by the microorganisms during fermen- 
tation. Counts of viable organisms 
were made daily during the fermenta- 
tion period. Relative percentages of 
types, the stage of their appearance in 
the fermentation, and their isolation 
and identification were carried out. 

During the initial or alcoholic stage 
of the fermentation, yeast-like organ- 
isms predominate. This is followed by 
an acetic and later a proteolytic stage. 
In both these latter stages gram- 
negative rods are most numerous. 
Utilization of reducing sugars, pH, and 
titratable acidity were followed. De- 
terminations were made on fermenting 
beans at 25°C., 36°C., and 45°C. Under 
the experimental conditions, variations 
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in temperature generally resulted in a 
change of rate rather than in type of 
fermentation. 

A Study of the Epidemiology op 
Tobacco Wildfire. H. D. Mc- 
Auliffe, M. A. Farrell, D. E. Haley 
and J. J. Reid, The Pennsylvania 
Agricultural Experiment Station. 
The epidemiology of tobacco wildfire 
has been the subject of a study carried 
out as a threefold program consist- 
ing of a general survey of the tobacco- 
growing regions of Pennsylvania, soil 
fertility experiments and laboratory 
investigations. 

It has been found that the incidence 
of tobacco wildfire cannot be related to 
the incidence of Phytomonas tahaca 
inasmuch as the organism has been 
present in all tobacco examined, whe- 
ther exhibiting lesions or free from all 
evidence of disease. 

On the other hand, normal tobacco 
of the cigar-leaf filler type has been 
found to be very resistant to infection 
of economic severity during the grow- 
ing season. Normal tobacco contains 
a nitrogen-potassium ratio of somewhat 
less than one. Tobacco with a ratio 
greater than one has been found rela- 
tively susceptible during the growing 
season. 

During the ripening period, tobacco 
may become susceptible regardless of 
previous nutrition if any significant 
amount of nitrogen is taken up by the 
plant. This susceptibility has been 
found to be increased by topping and 
suckering, practices which take from 
the plant the last possibility of the 
normal use of nitrogen at this period 
in the proliferation of new tissue. 

The conclusion is drawn that the 
control of tobacco wildfire is largely a 
matter of plant nutrition. 


The Relation of Delated Ammonifi- 

CATION AND NITRIFICATION TO LbaF 
Spots of Tobacco. J. NaghsM, H. 
D. McAuUffe, D. E. Haley and /. J. 
Reid, The Pennsylvania Agricultural 
Experiment Station. 

Susceptibility of tobacco to leaf spot 
diseases during the ripening period has 
been found to be associated with a 
significant nitrogen uptake at this 
stage. 

The presence of nitrates in the soil 
in excessive amounts during the ripen- 
ing period has been shown to be due to 
delayed ammonification and nitrifica- 
tion of the organic nitrogen applied in 
the spring in some instances, and in 
others to delayed nitrification of am- 
monium salts which have probably 
remained for extensive periods in some 
relatively insoluble form such as am- 
monium magnesium phosphate. 

Delay in ammonification and nitrifi- 
cation is usually associated with lack 
of sufficient rainfall in the growing 
season. If this condition is followed 
by rain during the ripening period an 
excessive amount of ammonification 
and nitrification takes place, the nor- 
mal resistance of tobacco to leaf spot 
diseases is lost and a serious outbreak 
of disease occurs. 

The conclusion is drawn from these 
studies that it is unsafe to incorporate 
large quantities of complex organic 
nitrogen in a soil to be used for tobacco. 
From this standpoint tobacco should 
not follow a legume in the rotation nor 
should any animal manure be applied 
to the crop that has not been previously 
rotted. 

A Cultural and Serological Study 
OF Phytomonas tabaca and Cer- 
tain Related Forms. /. P- Reid, 
J. Naghski, R. G. Harris and H. D. 
McAuliffe, The Pennsylvania Agri- 
cultural Experiment Station. 
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A study 1ms been made of a number 
of strains of Phylomonas tabaca and 
strains of a few other species of the 
genus Phylomonas associated with leaf 
spot diseases. These have been in- 
vestigated phj’siologically and sero- 
logically and compared with known 
strains of Pseudomonas fluoresccns and 
with more than 2000 isolations of P. 
fluoresccns from the leaves of normal, 
healthy tobacco and clover. Ij 

It has been found possible through 
culture in unheated plant extracts high 
in nitrogen to bring about a physio- 
logical adaptat ion o f Pscu domas 
fluoresccns that is physiologically and 


serologically identical with strains of 
Phylomonas lahaca. 

Such adaptation may be induced 
rapidly in the laboratory and may be 
as rapidly destroyed by frequent pas- 
sage through other laboratory media. 

As a result of this study the conclu- 
sion has been drawn that Phylomonas 
labaca represents merely a transitory 
physiological adaptation of Pseudo- 
monas fluoresccns. 

The work with the other representa- 
tives of Phylomonas associated with 
leaf spots while not as conclusive, 
suggests that other members of the 
genus are also temporary physiological 
adaptations of Pseudomonas fluoresccns. 


EASTERN MISSOURI BRANCH 
November 8, 1938 


Studies on Rabies. 1. Comparison 
OF Guinea Pig and Mouse Inocula- 
tion Methods. S. Edward Sulkin 
and Joseph C. Willell, Laboratories 
of the St. Louis Health Division, St. 
Louis, Missouri. 

A simple technique for the early 
diagnosis of rabies by mouse inocula- 
tion is described as a convenient means 
of verifying the routine microscopic 
(Negri body) method. The results of 
the experiments presented show that 
(1) the white mouse is the animal of 
choice in the laboratory diagnosis of 
rabies, Swiss mice being of no practical 
advantage; (2) that the demonstration 
of Negri bodies in the test animal is 
the only dependable criterion for a 
positive diagnosis since clinical mani- 
festations are frequently too variable 
and indefinite to be of any value; (3) 
that it is practical to attempt demon- 
stration of Negri bodies by sacrificing 
mice on the 8th or 9th day after the 
inoculation; and (4) that the mouse 
inoculation test offers a more expedient 


and cheaper means of diagnosis than 
the guinea pig method. 

Studies on Rabies. 2. Demonstra- 
tion OP Rabies Virus in Grossly 
Decomposed Animal Brains. S. 
Edward Sulkin and Nalhan Nagle, 
Laboratories of the St. Louis Health 
Division, St. Louis, Missouri. 
Putrified brain tissue is usually 
difficult material in which to demon- 
strate Negri bodies and for this reason 
the diagnosis of a decomposed brain 
by microscopic examination is un- 
reliable. 

Experiments are presented describ- 
ing a simple procedure for demonstrat- 
ing rabies virus in grossly decomposed 
animal brains. In the preliminary 
experiments several bactericidal agents 
including merthiolate, glycerol, phenol, 
and ether were used in an effort to find 
one which would conveniently sterilize 
the heavily infected inoculum without 
appreciably effecting the virus. Ether 
used according to the method suggested 
by Dr. John R. Paul (J. Bact., S5, 493, 
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1938) and others proved to be the most 
desirable agent. It was found that 
ether in final concentration of 10% 
exerts a definite bactericidal effect 
upon contaminated dog brains after 
exposure for 2 hours at 4°C. Exposure 
to this concentration of ether for 18 
hours at 4°C. had no effect upon the 
virulence of two strains of street virus 
tested. The experiments were con- 
ducted with the view of establishing a 
simple and practical method for treat- 


ing contaminated brains before intra- 
cerebral injection into animals. 

Prophylaxis op Tetanus. Phili-g 
Varney, Department of Bacteriology, 
School of Medicine, Washington 
University, St. Louis. 

Report on the Hot Springs, Arkan- 
sas, Conference on Syphilis. R . 
B. H. Gradwohl, Gradwohl Labora- 
tories, St. Louis. 



ERRATUM 


111 the article by J. Howard Mueller on "A Synthetic Medium for the Culti- 
vation of C. Diphtheriae” In this Journal for November, 1938, volume 36, the 
following correction should be made: In line 8 of Formula A on page 512, and 
in line 10 of Formula B on page 513, the figure opposite the words "complete 
medium without NAjHPOj" should, in each case, read 0.03 instead of 0.3. 




THE RELATION OF AEROBIOSIS TO THE 
FERMENTATION OF MANNITOL BY 
STAPHYLOCOCCI 

EUGENIA VALENTINE COLWELL 
Laboratory of Industrial Hygiene Ine., New York City 

Received for publication August 5, 1938 

WMle studjdng the fermentative reactions of a number of 
strains of Staphylococcus aureus, it was noticed that the maimitol 
tubes differed in appearance from those of the fermentable carbo- 
hydrates glucose'/ lactose, and sucrose. In the mannitol tubes 
(1 per cent mannitol semi-solid agar with Andrade indicator) 
only the top of the medium to a depth of inch was pink after 
24-48 hours incubation, while in the other tubes the medium was 
uniformly pink. This observation led to the study of the fer- 
mentation of mannitol by staphylococci from various sources 
with special reference to their oxygen requirements. Six strains 
of mannitol-fermenting streptococci were tested in comparison. 

The fermentation of mannitol by staphylococci has been 
studied by a number of investigators, Hine (1922), Dudgeon and 
Simpson (1928), Julianelle (1937), Thompson and Khorazo 
(1937), and others, and their conclusions are in close agreement 
that the pathogenic strains, {Staphylococcus aureus and Staphylo- 
coccus albus), are, in the" main, mannitol-positive, while the non- 
pathogenic ones (usually S. albus) _are, with few * exceptions, 
mannitol-negative. With regard to the oxygen requirements for 
the growth of staphylococci, the test books list these organisms 
as facultative anaerobes which grow best in the presence of 
oxygen. Fildes and his co-workers (1936) found that a synthetic 
nutrient mixture that supported aerobic growth of staphylo- 
cocci was inadequate for anaerobic growth without the addition 
of three other substances, namely pyruvic acid, COj, and a 
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“staph factor” which was shown later by Knight (1937) to consist 
of nicotinamide and aneurin (Vitamin Bi). 

IHETHOnS 

Solutions of the test substances glucose, lactose, sucrose, and 
mannitol (Pfanstiehl), sterilized by Berkefeld filtration, were 
added in 1 per cent amounts to the basic media, 1 per cent Difco 
Bacto peptone, pH 7.0, and semi-solid agar containing 0.5 per 
cent peptone, pH 7.1. Andrade and brom-cresol-purple were 
used as indicators. After inoculation of a small loop of 18-hour 
slant growth, free access of oxygen was excluded from certain 
tubes by a layer of sterile vaseline on top of the medium. 

SOURCE OP CULTURES 

Six of the staphylococcus cultures from boils, all from normal 
throats, normal skin, and cream filling were freshly isolated and 
tested within two weeks. The rest were stock cultures isolated 
within five years. All colonies fished from each individual source 
were identical by mannitol fermentation. 

Only cultures of staphylococci which were found to ferment 
mannitol aerobically are included in this study. Other cultures 
were tested which failed to ferment under both aerobic and an- 
aerobic conditions; they included 4 S. aureus strains (normal 
throat and normal skin) and 10 S. albus (normal throat, normal 
skin and infected sebaceous gland). 

The results of the fermentation tests of 25 Staphylococcus 
aureus, 5 Staphylococcus albus, and 6 Streptococcus cultures in 
mannitol, glucose, lactose, and sucrose mediums in test tubes 
with and without a layer of vaseline are summarized in the table. 
All of the staphylococcus cultures fermented mannitol within 48 
hours when grown aerobically at 37°C. The semi-sohd medium 
showed the indicator change only at the top of the medium during 
24-48 hours incubation except for two cultures, H and C, which 
were slightly acid in the butt as well; by the third day of incuba- 
tion all tubes were uniformly acid. When grown anaerobically, 
28 of the 30 cultures were negative up to the 5th day, but after 
6-14 days small and irregular amounts of indicator change were 
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noted. The 6 cultures of Streptococcus fermented mannitol 
■within 24 hours under both aerobic and anaerobic conditions. 
• The carbohydrates glucose, lactose, and sucrose were fermented 
promptly by all of the cultures of Staphylococcus and Strepto- 
coccus when grown with and without vaseline seal. 

Other basic media, namely extract broth and 10 per cent 
horse-serum water containing mannitol were tested with a limited 

TABLE 1 


Fermentation of mannitol, glucose, lactose, and sucrose by staphylococci and 
streptococci when tested aerobically and anaerobically (paseline seal) 






WAKNrrOL 

GLUCOSE, LACT., 
SUCROSE 

OROAKISlf 

flUB- 

OTIOUP 

SOURCE 

NUM- 

sEn 

Aero- 

bic 

Anaerobic 

Aero- 

bic 

Anaer- 

obic 





48 

43 

s 

48 

43 





hours 

hours 

days 

hours 

hours 



Boils, etc. 


+ 



+ 

+ 



Boil (H) 

1 ^ 


± 


+ 

+ 



Blood 


+ 



+ 

+ 

• 

Aureus- 

Skin (normal) 


+ 



+ 

+ 


Throat (normal) 

2v/- 

. + 



+ 

+ 

Staphylo- 


Throat (normal) 


+ 


± 

+ 

+ 

COCCUS 


(C) 

Cream filling 


+ 

B 

B 


+ 



Boil 

1 

+ 

H 

B 

+ 

+ 


Albus 

Skin (normal) 

1 

+ 



+ 

+ 



Throat (normal) 

3 

f- 

H 

B 

+ 

+ 

Strepto- 1 

Alpha i 

Feces 

Milk 

2 

2 

+ 

H- 

-1- 

4" 

+ 

4- 

4- 

+ 

+ 

COCCUS 1 

Beta 

Milk 

2 

+ 

-1- 

+ 

4“ 

+ 


Explanation of s 3 Tnbols: +, acid; ±, weakly acid; — no change in indicator. 


number of cultures. The results coincided with those obtained 
in the peptone and semi-solid media. 

More concise data on the relation of free access of oxygen to 
the fermentation of mannitol by staphylococci resulted from a 
comparison of the pH readings on a culture incubated in a shallow 
layer of mannitol-peptone medium in a flask and in test tubes, 
with and without vaseline seal. pH readings were made by the 
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colorimetric method. After 24 hours the pH of the growth in 
the flask was 4,9, in the open tube 6.0, and in the closed tube 7.0; 
after 48 hours the readings of the growth in the respective en- 
vironments were 4,5, 5.2, 7.0; and after 5 days 4.5, 4.5, 6.8. Four 
additional cultures were grown under vaseline seal in duplicate 
for 5 days. The pH readings ranged from 6.3 to 6.9. Duplicate 
tubes, in some instances, gave different pH readings, which were 
usually associated with slight differences in cloudiness. 

GROWTH OF STAPHYLOCOCCUS UNUER ANAEROBIC CONDITIONS 

The small changes in pH reading and the occasional slight 
increased cloudiness after 5 days incubation under vaseline 
seal would indicate that the organisms had grown to some 
extent. More definite proof was obtained when serial dilu- 
tions of culture in semi-solid mannitol-agar were incubated 
with and without vaseline seal. Observations made after 24 
hours incubation showed that, in the highest culture dilution, 
approximately the same number of colonies had developed in the 
aerobic and anaerobic tubes, but the colonies in the closed tube 
were much smaller than in the aerobic one and they did not in- 
crease in size upon incubation for 5 days, 

FERMENTATION OF GLYCEROL AND SORBITOL 

Because of the observed difference in the fermentative reactions 
of staphylococci in the alcohol mannitol as compared with the 
carbohydrates glucose, lactose, and sucrose, it seemed of interest 
to test reactions in the alcohols glycerol and sorbitol. The 
result of this test showed that 8 mannitol-positive cultures, 
including strain H, fermented glycerol aerobically in 48 hoins to 
5 days but failed to ferment within 14 days when incubated under 
vaseline seal. A mannitol-negative strain of Staphylococcus was 
also negative in glycerol. 

Sorbitol was not fermented by 10 cultures of Staphylococcus 
incubated aerobically for 12 days. Ten per cent horse-serum 
water with 1 per cent sorbitol was used in addition to the peptone 
and semi-solid mediums. Sorbitol was fermented within 24 hours 
by 2 cultures of beta-hemolytic streptococcus of Lancefield (1933) 
group C when grown aerobically and under vaseline seal. 
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DISCUSSION 

The results of these experhnents, which show distinct differ- 
ences in the anaerobic actions of staphylococci on mannitol and 
glycerol on the one hand and on glucose, lactose, and sucrose on 
the other, but not in the aerobic actions on these same test sub- 
stances, are presented without attempting to enter further into 
the chemical, metabolic, or enz 3 nnatic factors involved. A 
possi ble explanation of these findings may be based on difference 
i5~cE emi^l co mposition, the former compounds being _alc ohol s 
and the latter carbbE^rates; an d the prob abilitv that under 
ana erobic conditions tSe'alco hols are jiot-utilized-as-readiLy_asJ;b.e 
ca rbohydrates b y an organism which growsffeebly: anaero Hcally . 
The studies of Gladstone, Fildes, and Richardson (1935) may 
have some bearing on this work. They found that “in an an- 
aeroboid COs-free atmosphere, Staphylococcus aureus did not grow 
in 45 hours but that if glucose or lactate were present growth oc- 
curred in 24 hours.” 


SUMMARY 

Twenty-eight cultures of Staphylococcus (23 S. awreus and 
5 S. alhus) which fermented mannitol in 24^-48 hours aerobically, 
when tested under vaseline seal showed no change of indicator 
after 5 days incubation, but small and irregular am ounts o n long er 
incubation . pH readings on a limited number of cultures, in- 
cubated for 5 days under’ vaseline seal, ranged from 6.3 to 6.9. 
Two cultures of Staphylococcus aureus showed slight to moderate 
fermentation of mannitol after 48 hours incubation under vaseline 
seal. 

Eight cultures of mannitol-fermenting staphylococci fermented 
glycerol aerobically in from 48 homs to 5 days, but failed to 
ferment when grown anaerobically for 14 days. 

The fermentation of glucose, lactose, and sucrose by the 30 cul- 
tures of Staphylococcus took place within 48 hours aerobically and 
under vaseline seal. 

Unlike the staphylococci, 6 Streptococcus cultures (4 alpha and 
2 beta) fermented mannitol as well as glucose, lactose, and sucrose 
within 48 hours whether grown under aerobic or anaerobic 
conditions. 
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The marked inhibition or lack of fermentation of mannitol 
anaerobically by staphylococci is dependent, to some extent at 
least, upon the limited growth activity in an anaerobic environ- 
ment. 

It is suggested as a possible explanation that staphylococci 
cannot utilize the alcohols mannitol and glycerol as readily as 
the carbohydrates glucose, lactose, or sucrose in order to obtain 
substances essential for vigorous growth under anaerobic con- 
ditions. 
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A SKUNK-LIICE ODOR OF BACTERIAL ORIGIN IN 

BUTTERi 

T. J. CLAYDON and B. W. HAMMER 
Received for publication August 8, 1938 

Butter is subject to various types of microbiologic deteriora- 
tion. Some of these are encountered frequently, others quite 
infrequently, in the butter industry. Occasionally, a defect is 
noted that has not been observed previously in a given butter- 
producing section, or at least has not been differentiated from 
other objectionable conditions. 

The work herein reported deals with an unusual butter defect 
in which the product developed a skunk-like odor. The organ- 
ism responsible for the condition was isolated. 

EXPERIMENTAL 

General studies 

Three samples of commercial butter, from a series being 
held under observation at 21°C. to test the keeping qualities, 
developed a skunk-like odor, sample 1 after 2 days and samples 2 
and 3 after 4 days. The defect was most conspicuous in sample 
1. The samples were unsalted and originally scored 93. They 
were from the same plant; another sample from the plant did 
not develop the defect and later samples also failed to do so. 

Approximately 10-gram portions from samples 1 and 2 were 
inoculated separately into pasteurized sweet cream and the cream 
churned. The resulting lots of unsalted butter were divided and 
stored at 21° and about 5°C. In 2 days at 21°C. the samples 
developed the odor of the original butter, sample 1 causing the 
defect to a much greater extent than sample 2. In 6 days the 

* Journal Paper J-571 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 119. 
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samples stored at about 5“C. developed the off odor, sample 1 
again exhibiting a much more conspicuous defect than sample 2. 

The procedure was repeated, using the defective experimental 
butter for inoculation of the cream. The defect developed in the 
lot representing sample 1 but not in the other. From the former 
sample the defect was carried through five successive churnings 
by inoculating cream with the defective butter made just pre- 
viously; additional chmnings were not attempted. 

When the first experimental churnings were made the orig- 
inal butter was examined bacteriologically. The usual plating 
method was employed and also the method of Long and Hammer 
(1938) in which tiny portions (approximately 1/20,000 gram) 
are smeared on sections of agar plates. Beef-infusion agar, with 
skim milk and fat emulsion added just before pouring, was used. 
The numbers of bacteria, as shown by plating, were as follows: 


Sample 1: 
Total 

Proteolytic 

Lipolytic 


Bacteria -per ml. 

Sample 2: 

31.000. 000 Total 

21.000. 000 Proteolytic 

9,000,000 Lipolytic 


185,000,000 

35.000. 000 

27.000. 000 


The floras of the two samples were similar and comprised 
three main colony types — ^green fluorescent, greyish white and 
bluish transparent. In general, the types of colonies on smeared 
plates were the same as on poured plates. 

Pure cultures of the conspicuous colony t 3 T)es inoculated into 
pasteurized sweet cream failed to produce the skunk-like odor 
in unsalted butter made from the cream. Various combinations 
of these types, as well as cultures of less common types, also 
gave negative results. 

The first samples of experimental butter were examined bac- 
teriologically in the same manner as the original butter. The 
plate counts on the samples were as follows; 


Sample 1'. 
Total 

Proteolytic 

Lipolytic 


Bacteria per ml. 

Sample 2; 

770,000,000 Total 620,000,000 

80.000. 000 Proteolytic 110,000,000 

11.000. 000 Lipolytic 14,000,000 
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In general, the colony types were the same as with the original 
butter. Pure cultures obtained from the defective experimental 
butter, as well as various combinations of these, failed to re- 
produce the defect. 

Since the reproduction of the unusual odor in series indicated 
that the defect was due to an organism, attempts were made 
to increase the proportion of the causative type by culturing 
the butter in litmus milk at about 5°C. These cultures devel- 
oped the skunk-like odor in 4 to 5 days. Successive transfers 
from them reproduced the odor in litmus milk. Unsalted butter 
made by inoculating pasteurized sweet cream with the cultures 
also developed the skunk-like odor. On streaking the litmus 
milk cultures, or the butter, on beef-infusion agar the same 
general flora developed as from the original butter. 

Since the skunk-like odor suggested the breakdown of sulfur 
compounds, nutrient broth containing 0.02 per cent cystine was 
used in an attempt to increase the number of odor-producing 
organisms. Defective butter inoculated into this medium pro- 
duced a strong hydrogen sulflde odor in 1 or 2 days. However, 
the same result was obtained with a sample of normal product. 

Butter having the skunk-hke odor was plated on beef-infusion 
agar containing lead acetate and cystine and colonies producing 
blackened areas were picked into litmus milk. The organisms 
thus obtained did not give the odor in experimental butter made 
from pasteurized sweet cream into which they had been inoc- 
ulated. 

At this point, it appeared that the causative organism was not 
developing on beef-infusion agar and additional media were 
employed. With each medium the conspicuous colony types 
were picked and tested in the usual way. One of the media 
consisted of 4 per cent casein and 1.5 per cent agar in water; 
the casein was dissolved in a small amount of water by means 
of sodium hydroxide and the agar in the remainder of the water 
by boiling, after which the two were mixed and the pH adjusted 
to approximately 7.0. From plates of this medium streaked with 
defective butter and incubated at 21°C. a number of colonies 
were picked that gave the skunk-like odor in litmus milk. The 
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colonies were rather characteristic in appearance and constituted 
from 5 to 10 per cent of the total number. When litmus Tnill- 
cultures from these colonies were inoculated into pasteurized 
sweet cream and the cream churned, the resulting unsalted butter 
developed an odor like that of the original butter. From such 
butter the organism inoculated into the cream was easily re- 
covered by smearing on the casein medium. 

After the isolation of the organism from casein agar plates, , 
beef-infusion agar plates smeared at the same time were examined 
for its presence. No colonies were observed on plates incubated 
at 21°C. but later observations showed small nmnbers on plates 
incubated at about 5°C. Subsequent trials indicated that the or- 
ganism grew well on beef-infusion agar at 21°C. It was probably 
missed originally because of the relatively small numbers of 
colonies present, the percentage of the total colonies made up 
of the causative organism being smaller on beef-infusion agar 
than on casein agar as a result of the suitability of the former for 
growth of many species. The organism also grew on various 
other agar media but not on tomato agar. In some of the later 
trials beef-infusion agar was used for isolation. 

The organism was studied in detail and was considered to be 
an undescribed species. The name Pseudomonas Tuephitica is 
suggested for it. The following description is based on a number 
of cultures isolated from the butter studied. 

Description of Pseudomonas mephitica'^ 

Morphology {at Form and size — ^Rods; in young beef- 

infusion agar slope cultures the cells varied from 0.5 to 1.0 by 1.5 to 14.0 
microns and averaged about 0.6 by 3.8 microns. Older cultures 
generally had more of the longer cells. 

Arrangement — Singly, pairs and chains, in preparations from agar or 
nulk. 

Motility — ^Actively motile with one polar flagellum which sometimes 
did not appear to be exactly at the end of the cell. 

Staining reactions — Stained readily with the usual stains; gram- 
negative; granules generally present. 

* The description was checked by Dr. H. F. Long. 
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Spore formation — Spores not observed; the organism was easily 
destroyed by heat. 

Cultural characteristics (at 21°C.). Agar slope — Growth on beef- 
infusion agar slopes was echinulate, greyish white and wrinkled. After 

1 or 2 days the slopes had a skunk-like odor. 

Agar stab — In 2 to 3 days beef-infusion agar stabs showed a gre 3 dsh 
white, wrinkled surface growth; along the line of inoculation growth was 
very meager. 

Agar colony — On beef-infusion'agar, colonies were evident in 1 to 

2 days; well developed surface colonies were convex, circular, about 

3 mm. in diameter, shiny, gre 3 dsh white, with an entire edge and a fine 
granular or feathered appearance. Older colonies were about 5 mm. in 
diameter, convex and slightly wrinkled at the center. Subsurface 
colonies were generally elliptical. All colonies were of a doughy 
consistency which permitted them to be picked rather completely 
from the agar. 

Gelatin stab — Growth was essentially the same as in an agar stab and 
liquefaction, evident after several days, progressed slowly and was 
crateriform changing to stratiform. 

Bouillons — ^Bouillons showed a turbidity, which gradually extended 
downward and settled as sediment, and a white, easily broken pellicle. 

Dunham’s solution — Growth was the same as in bouillons. 

Uschinsky’s solution — Slight turbidity developed and settled as a 
white sediment. 

Potato — Growth on potato was echinulate, shiny and slightly brown. 

Litmus milk — ^A skunk-like odor developed in 1 to 2 days, a greyish 
blue ring at the surface in about 3 days, and a definite alkalinity in 
7 to 10 days. Reduction began at the bottom of the culture in about 
7 days and was generally complete in 14 days. At this time the litmus 
milk was slightly proteolyzed and somewhat viscous; certain strains 
showed a slight viscosity earlier. 

Plain milk — Except for reduction of litmus, the action in plain milk 
was the same as in litmus milk. 

Biochemical characteristics (at 21°C.). Gas production — ^None. 

Hydrogen sulfide — Not produced. 

Indole — ^Not produced. 

Acetylmethylcarbinol from glucose — Not produced. 

Methyl-red reaction — ^Negative. 

Nitrates — Reduced to nitrites. 

Amm onia — ^Produced in nitrate broth and peptone broth. 
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Reaction change— Acid was not produced from arabinose, dextrin, 
galactose, glycerol, lactose, mannitol, raffinose or salicin. It was 
slowly produced from glucose, levulose, maltose and sucrose, with some 
tendency to reversal of reaction. Acid production was especially slow 
from glucose. 

Natural fats — Not hydrolyzed. 

Growth conditions. Oxygen relationships — ^Facultative. 

Growth temperatures— Grew well at 21°C., considerably slower at 
5°C., slight growth at 30°C., but none at Z7°C. 

Effects of various factors on development of the skunk-like odor in 

butter by pure cultures 

In unsalted experimental butter, made by inoculating a pure 
culture of the organism into pasteurized sweet cream, the skunk- 
like odor commonly developed in 2 days at 21°C, and in about 6 
days at approximately 5°C. Repeated trials gave consistent 
results. The effects of various factors on the development of 
the defect were then considered. 

Effect of pH of the cream. A series of chirrnings was made 
from six portions of pasteurized sweet cream adjusted to pH 
values ranging from 6.6 to 7.3 at the time of inoculating the 
culture into the cream. After incubating overnight at about 
10°C., the cream was churned. In 2 days the defect was present 
in all six samples of butter at 21 °C. The odor was least con- 
spicuous at the lowest pH. In another series of three portions 
of cream adjusted to pH values of 5.0, 6.5 and 7.5, the defect 
developed in all the butter at 21°C. but was somewhat less 
pronounced than in the first series. Again, the odor was least 
conspicuous at the lowest pH. 

Effect of salting and working. The effect of salting and working 
butter on the development of the defect at 21°C. is illustrated by 
the following summary. The salt percentages are based on the 
salt added rather than on analyses of the butter. 

The data, confirmed in other trials, show that the working 
the salted butter received was a factor in controUmg the defect. 
While salt tended to inhibit development of the odor, it was 
not completely effective unless combined with thorough working. 
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BALT ADDED 

WORKINQ or PUTTER 

DEFECT DEVELOPED 

None 

Moderate 

Pronounced after 2 days 

f 

Slight 

Definite after 2 days 

1 per cent ■{ 

Moderate 

Slight after 3 days 

1 

Thorough 

Questionable after 6 days 

[ 

Slight 

Definite after 2 days 

2 per cent < 

Moderate 

Questionable after 3 days 

i 

Thorough 

None after 6 days 


Effect of contamination of the wash water. The defect was 
produced in unsalted experimental butter when small amounts 
of pure culture were added to the water used to wash the butter. 
It usually was evident in 2 to 3 days at 21°C. 

Relationship to other defects 

Certain creameries in the southwest have reported an odor in 
butter which is suggestive of a skunk odor. It is often attributed 
to one or more plants consumed by the cows in the pastures. 
Over a period of about 1 year, each of three samples of such 
butter was inoculated into pasteurized cream and the cream 
churned in order to determine whether the defect could be 
reproduced. In each case the original butter was salted; the 
skunk odor was definite but differed somewhat from the defect 
produced by the culture isolated. None of the experimental 
butter, which was unsalted, developed the odor of the original 
butter. 


DISCUSSION 

The development of a skunk odor in butter through the action 
of a bacterial species illustrates the unusual defects caused in 
this product by microorganisms. The list of such defects will 
undoubtedly be extended as improved manufacturing procedures 
limit the total number of organisms in butter and stiU occasion- 
ally permit one or more particularly harmful species to be present 
in sujEcient numbers to cause conspicuous changes. 

The defect studied, while definitely suggesting a skunk odor, 
varied somewhat from one experimental lot of butter to another 
as a result of an increase and then a decrease in intensity. At 
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certain stages the odor was comparable to that of decomposing 
cabbage. The similarity of the defect to an off flavor in butter 
that is generally regarded as due to feed is of importance in 
showing that organisms can produce defects suggestive of those 
caused in other ways. 

Since Pseudomonas mephitica grew at relatively low tem- 
peratures, over the usual pH range used in buttermaking, and 
in salted butter that was only moderately worked as well as in 
unsalted butter, it undoubtedly would be of significance com- 
mercially when considerable numbers are added to pasteurized 
cream intended for butter, or to the butter itself. The low 
thermal resistance of the organism indicates that proper pas- 
teurization and sanitary methods in the plant will control the 
defect it causes. 


SUMMABY 

Three samples of high quality, unsalted butter from one plant 
developed a skunk-like odor on holding at 21°C. to test the 
keeping qualities. When the defective butter was inoculated 
into pasteurized sweet cream and the cream churned, the defect 
was reproduced. The causative organism was isolated and de- 
scribed; the name Pseudomonas mephitica is suggested for it. 
On inoculating the pasteurized cream used for churning, the 
defect developed in unsalted butter made from cream having' 
pH values from 5.0 to 7.5. Salt had an inhibitory effect on the 
production of the defect but thorough working of the salted 
butter was necessary to prevent its appearance. The skunk-like 
odor was produced in unsalted butter by inoculating small 
amounts of cultxire into water used to wash the butter. 
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Long, H. F., and TTAArnwH , B. W. 1938 Examination of butter with the Burri 
smear culture technic. Iowa State Col. J. SoL, 12, 441-450. 
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With the exception of Clostridium pasteurianum none of the 
butyl-alcohol-producing bacteria have been satisfactorily cul- 
tivated in synthetic media. Usually these organisms are cul- 
tured in corn mash, in yeast-water glucose, or in an inorganic 
salts-peptone-glucose medium (McCoy et al., 1930). Apparently, 
there is in corn, yeast and peptone some compound or compounds 
essential for the growth of these organisms. 

Tatum, Peterson and Fred (1935) found 1-asparagine or re- 
lated dicarboxylic acids necessary for a normal fermentation by 
Clostridium butylicum in corn mash. 

Weizmann and Rosenfeld (1937) obtained a normal fermenta- 
tion of carbohydrate by Clostridium acetobutylicum in a medium 
which included substances of known composition and a growth- 
promoting substance contained in a dialysate of autolyzed yeast. 

Normal yields of solvents were obtained by Brown, Wood and 
Workman (1938) by growing butyl-alcohol-producing bacteria 
in a medium of hydrolyzed casein, ammonium sulfate, trypto- 
phane, glucose, inorganic salts and an acidic ether-soluble ex- 
tract of Difeo yeast extract. 

This paper deals with the occurrence and partial purification 
of an accessory substance which permits growth of C. butylicum 
and C. acetobutylicum in a medium containing inorganic salts, 
asparagine and glucose. 

' This work was aided by a grant from the Wisconsin Alumni Research Founda- 
tion. Published with the approval of the Director of the University Agricultural 
Experiment Station. 
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EXPERIMENTAL 
Cultures and methods 

The bacteria employed were C. hutyliaim strain 21 (Langlykke, 
Peterson and Fred, 1937), a butyl-alcohol isopropyl-alcohol- 
forming culture; and C. acetobutylicum Weizmann (McCoy, 
Fred, Peterson and Hastings, 1926), a butyl-alcohol acetone- 
producing culture. The same spore stock in soil was used 
throughout the study. 

The basal medium contained 2 per cent glucose, 0.1 per cent 
asparagine, acid hydrolyzed casein, Speakman’s inorganic salts,- 
reduced iron and distilled water. For C. acetobutylicum, 0.25 
per cent hydrolyzed casein was used. Addition of tryptophane 
to the hydrolyzed casein did not improve fermentation. For 
C. butylicum 0.05 per cent casein was used at first, but later it 
was omitted and a purely S3mthetic base medium employed. 
Only slight growth occurred in the unsupplemented basal me- 
dium. The relative amounts of accessory growth factor in differ- 
ent soiuce materials were determined in the early experiments by 
noting the comparative rates of fermentation of glucose when 
such materials were added to the basal medium. Each sub- 
stance was tested in several concentrations, the total volume of 
medium in each case being 35 ml. Since a small amount of 
growth always occurred in the unsupplemented basal medium, 
each time assays were made the basal medium alone was assayed. 

The inocula were prepared as follows. Each time assays were 
made, a fresh culture was started from the spore stock by in- 
oculating into a medium of the same composition as that de- 
scribed above except that hydrolyzed casein was replaced by 
Bacto-Peptone (0.5 per cent for C. acetobutylicum, 0.25 per cent 
for C. butylicum). Each tube of medium was placed in boiling 
water for five minutes prior to inoculation and again for two 
minutes after inoculation. All cultures were incubated at 37°C. 
in anaerobic oat jars. Twenty-four hours later these cultures 

5 Speakman’s salts: KiHPO^, 0.5 gram; KH;PO<, 0.5 gram; MgSO,. 7HiO, 
0.2 gram; NaCl, 0.01 gram; FeSO<-7HiO, 0.01 gram; and MnSO^-SHjO, 0.01 
gram per liter. 
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PHOTOMETeR. 

READINGS 



DAYS INCUBATION 

Fig. 1. Development of Turbidity in Cultures of C. butylicusi 
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were used to inoculate the assay tubes, which were also heated 
in boiling water for five minutes and cooled before inoculation. 
0.35 ml. of inoculum was introduced into each tube. All tubes 
were incubated anaerobically. 

Glucose fermentation was taken as an index of the amount of 
growth-promoting substance. Sugar was determined just after 
inoculation, and again after 48 hours’ incubation by the method 
of Stiles, Peterson and Fred (1926). 

In the later work, turbidity of the culture served as a criterion 
of growth stimulation. After three days’ incubation the tur- 
bidity was determined with an Evelyn photoelectric photometer. 
The light intensity of the instrument was so adjusted that the 
uninoculated basal medium gave a scale reading of 100. The 
scale reading given by each culture indicated the amount of light 
transmitted by the culture as a per cent of that transmitted by 
the uninoculated basal medium. Thus, there is an inverse 
relation between the photometer reading and the degree of tur- 
bidity of the culture. 

The maxunum turbidity was reached in two to three days (fig. 
1). Figure 2 gives a comparison of the two assay methods on 
the same cultures and shows that either method can be used for 
assay of the growth factor. 

Sources of accessory growth factor 

A growth-stimulating substance was found in many biological 
materials. The distribution of this substance is shown in tables 
1 and 2. 

Bacto-Peptone supported good growth of C. butylicum but 
rather poor growth of C. acetobutylicum. Hydrolyzed casein 
contained but little of the accessory factor for either organism. 
This fact suggested its use in the base medium to supply ai^o 
acids which might be essential for growth. Dried whole liver 
was a good source. Dialyzed yeast autolysates prepared by the 
method of Weizmann and Rosenfeld (1937) were stimulatory, 
especially for C. acetobutylicum. No appreciable difference was 
found between preparations from bakers’ and from brewers 
yeast. Alcoholic extracts of yellow corn were Mgb in activity. 
Extractions with other solvents yielded less active preparations 
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and in most cases the amount of extract also was less. Alcoholic 
extracts of wheat bran were somewhat less active for C. butylicum 


TABLE 1 

Effects of various supplements on rate of fermentation of glucose hy G. butylicum 


BUPPLEUENT 

ORiaiNAlt 

iIAT£TtIAX« 

IN 

BUPPLEliENT ADDED (UICROGRAMS PER ML.) 

AND OLrCOSE FERMENTED (PER CENT) 


UENT 

0* 

1 

10 

50 

100 

250 

500 


per cent 








Baoto pftpfOTlP. 

100 

13.3 




38.8 

47.5 

55.2 

Hydrolyzed casein 

100 

13.3 




19.6 

27.6 

31.1 

Difco liver 

100 

8.1 




35.5 

58.7 

64.0 

Dialysate of bakers yeast 

17.2 

8.1 




53.6 

64.2 

75.5 

Dialysate of brewers yeast 

19.7 





46.2 

59.5 

72.1 

Aqueous extract of malt sprouts. 

27.8 

8.1 




41.7 

68.5 

70.2 

Ethanol extract of yellow corn. 

4.9 



31.0 

65.7 

78.0 

81.3 

83.1 

Acetone extract of yellow corn. 

0.8 

6.6 



21.2 

51.2 


95.8 

Butanol extract of yellow corn. 

2.7 

6.6 


8.1 

55,4 

62.8 

79.8 


Aqueous extract of wheat bran. 

4.1 

15.5 

19.7 

27.8 


63.8 



Ethanol extract of wheat bran. . 

11.8 

16.8 


28.3 


74.0 



Vitab II 

100 

10.9 

12.4 

33.2 


46.5 



Ash of Vitab 

6.4 

3.7 

2.3 

3.3 


4.2 

1.4 

0.2 




* The basal medium contained 0.05 per cent hydrolyzed casein. 


TABLE 2 


Effects of various supplements on rate of fermentation of glucose by C. acetobutylicum 


BVPPliEMEKT 


Bacto peptone 

Hydrolyzed casein 

Difco liver 

Dialysate of bakers yeast 

Dialysate of brewers yeast 

Aqueous extract of malt sprouts 
Ethanol extract of yellow corn. . 
Vitab II 


ORIGINAL 

MATERIAL 

JN 

SUPPLEMENT ADDED (MlCROORAltS PER ML.) 
AND GLUCOSE FERMENTED (PER CENT) 

BDPPLE- 

HENI 

0 * 

1 

10 

100 

250 

500 

per cent 







100 

19.6 




22.4 

23.8 

Mm 

19.6 




20.2 

22.0 

mm 

16.3 



43.8 

70.9 

78.4 

17.2 

20.5 



58.9 

91.4 

95.9 

19.7 

BtiBil 



43.7 


95.4 

27.8 

16.3 




86.1 

83.4 

4.9 



28.6 

59.8 

65.3 

74.1 

100 

19.9 

22.3 

29.5 

51.6 

60.8 



* The basal medium contained 0.25 per cent hydrolyzed casein. 


than were alcoholic extracts of com, but, because of the greater 
ease of extraction and higher yield, the former was preferred as a 
source material. The most satisfactory source found was 
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Vitab II,® a commercial product made by extraction of cereal 
grains. Although it was less active per unit weight than alco- 
holic extract of wheat bran, it has the advantage of being ob- 
tainable in large quantities in fairly concentrated form and of 
being completely water soluble. Alcoholic extracts of corn or 
bran gave turbid suspensions when taken up in water and con- 
sequently were difficult to work with. 

TABLE 3 


Activity of Vitab preparations for C. hutylicum as indicated by turbidity 

of the cultures 


SUPPLEMENT 

OBIQINAL 
VITAB IN 
SUPPLE- 
MENT 

AMOUNT OP SUPPLEMENT ADDED 

(microorams per ml.) and pho- 
tometer READINGS* 

Of 

0.1 

1 

10 


per cent 



1 


Vitab II 

100 

91.5 



47.8 

Neutral ether extract 

1.9 

91.5 


70.0 

33.8 

Acidic ether extract 

4.4 

91.5 


34.1 

13.8 

Residue from ether extraction 

93.7 

91.5 

88.3 

88.4 

81.5 

Norit filtrate 

1.75 

91.5 

88.7 

87.7 

90.3 

Norit eluate 

2.25 

91.5 

80.0 


13.5 

Ethyl alcohol soluble copper salts 



37.3 

20.0 

15.0 


* An inverse relationship exists between photometer readings and turbidity, 
t Basal medium contained no casein. 


Purification of the accessory growth factor for C. hutylicum 

The most satisfactory method for preliminary concentration 
of the factor was to extract a neutral aqueous solution of Vitab 
with ether for 70 hours to remove inactive material, and to follow 
this by an extraction with ether from acid solution for 100 hours 
to remove the growth-stimulating substance. 

The active material of the acidic ether extract was completely 
adsorbed on norit but could be only partially regained by elution 
with alcohol and pyridine. While this procedure effected a 
certain amount of purification, a great loss in total activity 
occurred. 

» The authors wish to thank Vitab Products, Inc., for the sample of Vitab used 
in this study. 
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The potency of the preparation could be increased by pre- 
paring the ethyl-alcohol soluble portion of the copper salts of 
the concentrate. This preparation gave maximum stimulation 
in a concentration of about 1 microgram per ml. and was readily 
detectable in a concentration of 0.01 microgram per ml. Since 


Base 

Base 

Base 


Base 


Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 

Base 


TABLE 4 

Effect of growth-slimulating substances for other organisms upon the 
growth of C. butylicum 


ACCESSOnT SnBSTAKCES 


INCREABB 3N OLTJC03E 
FERMENTATION 
OVER THAT OF BASE 


per cent 


plus indole acetic acid, 0.01 miorogram per ml 
plus indole acetic acid, 0.1 microgram per ml . 
plus indole acetic acid, 0.5 microgram per ml. 


- 2.0 

1.9 

1.7 


plus 


inositol, 50 micrograms per ml 

nicotinic acid amide, 5 micrograms per ml. 

riboflavine, 0.25 luicrogram per ml 

vitamin Bi, 0.6 microgram per ml 

pimelic acid, 1 microgram per ml 

^amino acid mixture, 0.25 milligram per ml 


2.9 


plus sporogenes growth factor, 0.1 microgram per ml. . . 
plus sporogenes growth factor, 1 microgram per ml ... . 
plus sporogenes growth factor, 10 micrograms per ml . . 


-2.9 

-1.9 

- 0.2 


plus vitamin Bs, 1 microgram per ml 


-9.9 


plus pantothenic acid, 0.1 microgram per ml 
plus pantothenic acid, 1 microgram per ml. . 


-0.7 

1.6 


plus jS-alanine, 0.1 microgram per ml. 
plus p-aianine, 1 miorogram per ml... 
plus fi-alanine, 10 micrograms per ml 


-4.2 

- 2.0 

-5.6 


only a small portion of the active material was recovered, this 
separation is of doubtful value. 

The assays of the purified preparations are given in table 3. 

At the beginning of the study, when crude materials were used 
as supplements, hydrolyzed casein was included in the basal 
medium in order to preclude the possibihty of an amino-acid 
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deficiency. Since such small amounts of the best concentrate 
are required, it is improbable that any amino acid can be re- 
sponsible for the stimulation. Furthermore, it does not seem 
possible that any amino acid could be present in the active ether 
extract. 


TABLE 6 

Growth slimulalion of C. bulylicum by active ether extracts after acetylation, alkali 

treatment, and bromination 




PHOTOMETER READINGS 

TREATMENT 

SUPPLEMENT 

ADDED 

Before 

treatment 

After 

treatment 

After acety- 
lation and 
hydrolysis with 
NaOH 


microffroms 
ptr mU 





0 

64.3 

52.0 

52.0 

Acetylation* 

0.1 

48.2 

47.1 

44.8 


1 

17.8 

31.7 

28.6 


10 

13.8 

13.8 

14.3 


0 

91.5 

91.5 


Steamed one-half hour in 
normal NaOH 

0.1 

88.0 

89.5 


1 

84.0 

33.0 

78.0 

35.0 



10 



0 

85.0 

85.0 


Bromination 

0.1 

1 

80.0 

34.8 

81.0 

36.0 



10 

16.1 

19.7 



* In the acetylation experiments, the basal medium contained 0.05 per cent 
hydrolyzed casein; in the other experiments no casein was used. 


Replacement of the factor for C. butylicum 

A number of known growth-promoting substances were assayed 
in an attempt to identify the butyl factor with one of these. 
The data in table 4 show that indole acetic acid, sporogenes growth 
factor,^ inositol, nicotinic acid amide, riboflavin, vitamin Bi, vi- 
tamin Be,^ pimelic acid, j3-alanine, pantothenic acid,‘ and a mix- 

« The authors wish to thank A. M. Pappenheimer, Jr., for the sample of sporo- 
genes growth factor used, S. Lepkovsky for the Vitamin Be, and R. J. Williams 
for the pantothenic acid preparation. 
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ture of pure amino acids failed to replace the butyl factor. The 
amino acid mixture contained all the naturally-occurring amino 
acids except hydroxy-glutamic acid. However, this amino acid 
could not be the active substance as it was contained in the casein 
hydrolysate used in the basal medium. 

Stability of the factor 

The growth factor for C. butylicum was active after heating at 
120°C. for 30 minutes and after steaming for one-half hour in 
normal alkali. Table 5 gives evidence of its alkali stability. 

Acetylation of the growth factor concentrate yielded a product 
which was still active for C. butylicum, and the activity was 
practically the same after hydrolysis with NaOH. This in- 
dicated, either that the active compound did not contain a hy- 
droxyl group and could not be acetylated, or that the acetylated 
product was readily hydrolyzed by the organism. 

Bromination of the growth factor preparation in ether solution 
did not perceptibly diminish its activity. 

StJMMARY 

Accessory growth-promoting substances for Clostridium 
butylicum and Clostridium acetobutylicum have been found in 
liver, yeast, malt sprouts, yellow corn, wheat bran, and a com- 
mercial vitamin preparation (Vitab II). 

A considerable degree of purification of the stimulatory sub- 
stance for Clostridium butylicum was accomphshed by extraction 
with ether from acidic solution, after a preliminary extraction 
with ether from neutral solution to remove inactive substances. 
The active material was completely adsorbed on norit but could 
not be completely eluted with alcohol and pyridine. Alcohol- 
soluble copper salts gave detectable stimulation at a concentra- 
tion of 0.01 microgram per ml. and maximum effect at 1 micro- 
gram per ml. 

The butyl factor can not be replaced by riboflavin, indole 
acetic acid, sporogenes growth factor, nicotinic acid amide, 
vita min Bi, vitamin Be, pimelic acid, inositol, /3-alanine, panto- 
thenic acid, or by a mixture of ail the naturally occurring amino 
acids except hydroxy-glutamic acid. 
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The factor is stable to autoclaving, to steaming in normal 
alkali and to bromination. 
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Sulfanilamide is a valuable therapeutic agent in certain bac- 
terial infections but is not a universal panacea, since it is of 
little or no benefit in some diseases. Favorable reports on the 
action of sulfanilamide in Brucellosis have been published in 
the European literature by Thevenet, Grous, Berger, Suchier, 
Richardson, and Francis. More recent articles by Toone and 
Stern have appeared in the American literature, citing cases of 
undulant fever apparently cured by this drug. 

This work was undertaken in an attempt to determine the 
effect of sulfanilamide on Brucella organisms in vitro and on 
experimental infections in a susceptible animal. The problem 
was divided into four parts: (1) the in vitro action of sulfanil- 
amide on Brucella organisms; (2) the in vitro action of related 
compounds;^ (3) the in vitro action of sulfanilamide and anti- 
brucella serum, and (4) the action of sulfanilamide on experi- 
mental Brucellosis in the guinea pig. 

1. In vitro action of sulfanilamide on Brucella organisms. 
A one-tenth-per-cent solution of sulfanilamide (p-Aminobenzene- 
sulfonamide) was made in beef-infusion broth, pH 7.3, sterilized 
by passing through a Seitz filter, and the concentration of 100 
mgm. per cent checked by chemical determination.^ Dilutions 

^ James A. Greene Research Fellow for the Study of Brucellosis. 

* We are indebted to Mr. R. 0. Roblin, Jr., of the American Cyanamid Co. for 
furnishing us with these related compounds. 

’ All chemical determinations were done by Dr. Ann Yates, of the Department 
of Biochemistry, Duke University. 
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Fig. 1. Growth Cubves of 3 Varieties of Brucella (4 Strains) in Different 
Concentrations op Sulfanilamide 

of each concentration were inoculated by adding a suspension 
of 100,000,000 Brucella organisms (0.1 cc. of a suspension con- 
taining 1,000,000,000 organisms per cubic centimeter). Head- 
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ings on the Photronreflectometer (Libby) were taken after 60, 
S4, and 108 hours incubation at 37°C. Smears from each tube 
were examined after the final readings to exclude contamination, 
and chemical determinations showed the concentration of sul- 
fanilamide to be unchanged and unconjugated. The pH of the 
media also remained unchanged (pH 7.3). 


TABLE I 


HOCKS 


Brucella organisms 


CONTBOL 

100 uau. 

50 MOM. 

SO MOM. 

20 MGM. 

10 MOM. 

5 MGM. 

PER CENT 

PER CENT 

PER CENT 

PER CENT 

PER CENT 

PER CENT 


Variety Melitensis (428) 



220* 

102 

no 

122 

128 

132 

144 

84 

540 

122 

mSm 

148 

160 

190 

220 


1180 

160 

m 

238 

270 

310 

390 


Variety Abortus (456) 


60 

258 

MM 

136 

168 

175 

195 

210 

84 

520 


164 

196 

212 

240 

320 

108 

1070 


238 

304 

390 

440 

505 


Variety Suis (obtained from Dr. Huddleson) 


60 

490 

90 

130 

160 

172 

200 

320 

84 

1100 

130 

200 

308 

420 

506 

710 

108 

1908 

210 

306 

412 

538 

644 

920 

Variety Melitensis (recently isolated from human) 

60 

162 

104 

112 

118 

125 

134 

140 

84 

300 

no 

122 

138 

150 

158 

190 

108 

660 

140 

165 

200 

230 

270 

300 


* Figures represent organisms in millions per cubic centimeter as determined 
from the average growth of forty tube cultures. 


Figure 1 shows the growth curves illustrating the bacterio- 
static action of various dilutions of sulfanilamide (average of 
40 tubes) on 3 varieties (4 strains) of Brucella. Readings taken 
on several occasions, after 36 hours of incubation, showed no es- 
sential differences between the ciiltures with sulfanilamide and 
the controls. After 36 hours, however, the bacteriostatic effect of 
the sulfanilamide was very apparent (table 1). No observations 
on growth after 108 hours were made. Several cultures of 

























272 


E. E. MENEFEE, JB., AND MAEY A. POSTON 


broth, containing 200, 300, 400, 600, and 800 mgm. per cent of 
sulfanilamide respectively, showed no significantly greater bac- 
teriostatic action than the broth containing 100 mgm. per cent, 
and the cultures were not sterilized. 

These results are similar to those obtained by Long, who 
showed the in vitro bacteriostatic effects of sulfanilamide on 
streptococci and other organisms. We did not confirm the work 
of Francis who was able to sterilize cultures of a strain of Brucella, 
var. abortus, by the addition of small amounts of sulfanilamide. 
The good results obtained by him may have been due to the 
small inoculum used in his experiments. 

TABLE 2 


Growth of Brucella, var. melitensis, after 84 hours incubation with varying amounts 

of sulfanilamide 


DRUG 

5 MGM. 

PER CENT 

10 UQU. 

PER CENT 

CONTROL 

Sulfanilamide 

200* 

140 

Average of 10 

p,p' Dihydroxydiphenyl Sulfide 

0 

0 

tubes— 350 

p,p' Diaminodiphenyl Sulfoxide 

300 

225 


S-1 

200 

150 


L-167 

210 

145 


Disulfanilamide . 

190 

135 



* Figures refer to millions of organisms per cubic centimeter. 


2. In vitro action of related convpounds on Brucella, var. meli- 
tensis. Because of the relative insolubility of the related com- 
pounds, concentrations of 5 and 10 mgm. per cent only were 
used. The technique was the same as described under experi- 
ment 1, and the results (table 2) indicate that the compounds 
tested except one (p,p' Diaminodiphenyl Sulfoxide) had no 
greater in vitro bacteriostatic action than sulfanilamide. 

.3. Effect of specific serum on bacteriostatic effect of sulfan- 
ilamide. Osgood showed that sulfanilamide combined with 
specific immune sera has a greater anti-bacterial action than 
either alone. Babbit serum with a high agglutinating titre 
(1-50,000), a strong opsonocytophagic reaction (Evans’ 'tech- 
nique), but weak bactericidal properties was diluted 1 : 10, 1 ; 100, 
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and 1:1000 in beef-infusion broth pH 7.3, containing 10 mgin. 
per cent sulfanilamide. After sterilization by filtration, 40 
tubes containing 10 cc. of each dilution, and controls of beef- 
infusion broth and beef-infusion broth plus 10 mgm. per cent 
sulfanilamide without serum, were inoculated with Brucella, 
var. vielitensis. Bacterial counts were made after 60, 84, and 
108 hours of incubation at 37°C., and the results expressed in 
table 3 show that the combination of this serum with sulfanil- 
amide was less efficient than sulfanilamide alone. 

Jf.. Effect of sulfanilamide on experimental Brucellosis in the 
guinea pig. Forty healthy guinea pigs were injected intraper- 
itoneally with 1,000,000,000 organisms of a culture of Brucella, 
var. meliiensis, recently isolated from the blood of an acutely 

TABLE 3 


Brucella, var. meliiensis 10 mgm. per cent sulfanilamide plus serum 


BOUBS 

CONTROL 

NO SEBtru 

BEBmi 1:10 

BERTJM 1:100 

BERuii 1:1000 

60 

200* 


■■ 

mm 

150 

84 

320 

160 



200 

108 

710 

300 

■■ 

540 

410 


* Figures refer to millions of organisms per cubic centimeter. 


ill patient. Five days after injection, one-half of the animals 
were fed sulfanilanaide for a 10 day period, receiving 60 mgm. 
per kilo per day. The dose was then halved and continued for 
10 more days. At intervals (table 4) the animals were skin 
tested and their blood examined for sulfanilamide concentration, 
agglutinin titre, and opsonocytophagic reaction. Thirty-five 
days after inoculation all animals were killed, carefully necrop- 
sied, and the spleens cultured on liver infusion agar. All the 
guinea pigs developed agglutinins and opsonocytophagic powers 
(tables 4 and 5), but at the end of the experimental period the 
average agglutinin titre of the treated group had fallen and the 
opsonocytophagic reaction had increased. The agglutinin titre 
of the untreated group remained high till the end of the experi- 
ment, and the opsonocytophagic reactions were only moderately 
strong. Brucella was isolated from 19 of the 20 untreated guinea 
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Sulfanilamide treated guinea pigs 


E. E. MENEFEE, JR., AND MARY A. POSTON 


0000000+0000000 


^OOOOOOOOOOOOOOOOOO' 


o+ + oo+oooo + o+ oo+ + oo-f 


fc£) be to W 

G G G G 

O O O O 

tOcQ hOtOco bOtOtOMm tObObolo'm to’rolo 

p £*p o o o o o o 

w>MCQ>a>raa>t>t>&a 5 coa)>>r»>t> 


w>MCQ>a>raco>>^a}cow>>« 3 >> 


ooooooooooooooooooo 

C^^C<I’tJ<C<IC<C<IW'^NC^CON C^OO 


OOt>-r-tt'»M<OCDlOr»r^C 500 r-*OtDOOOCO 


§ 2 -“ 

B 3 s 

5 ta** 
H 


0000000000000000^0 


ratOutfitoStOtOu 


to 

G 

o 0 ) o> o a> 

. - c3 c3 c3 

to U to U (M CO In 

o-o c 3 o'rJTJ b'tj 

s- o o ^ o o s o 


to 

c 

o o 

- ^ e3 

to CO u 

° 

»-* Si o 


GOCGO;:;ao^c^o. 

"THJ O *0 O O O O **0 c3 O *0 O 

O^UiOfc-h! 0 *->s-<oa>t-OohO‘-a 3 ® 
~o o o o o o o o o o _ o p ~ 

OC^OOOOOC^CJOOC^OC^OO'^NO 
*-HC 0 i -«00 00 00 »-*CCcC^C^e 0 ’-'CCC 0 '»^OC 0 C 0 


lCO'^OCOC<IOOOTt<cOt-<Ot>.OC^COO'^ 0 « 

It— 11— (i— l?-i»-HT-tT-4THrHi-Hi— rH 


A I Cn nA 

O 1 — OT 
2 ^ « 


OOOOOOOOOOOOOOOOOOO 


C3 C3cj c3c3gg « 

ci cS'O c3 c3rt c3’T3's3ri cJ’O ci'O'O ej'^ c3 

ftj(yOa>oa>ooooooa;ooooo^o 

§Soo§ooS§So§o§§oc^o^^ 

iWCCCOOO*-<COi— fCQi-HCOC^COCOi— (T-tClOCOi|-^^M 


THC^CC-^lOOt^COCSO^^M^jOO^MSS 


320 Strong 0 4 1:640 Weak 





EFFECTS OF SULFANILAMIDE ON BRUCELLA 


275 


pigs and from only 1 of the 20 treated animals. The guinea pig 
in the latter group which had a positive culture never developed 
any marked serologic reaction. 

TABLE 5 


Agglulintn litre, opsonocytophagic, and skin test in SO guinea pigs infected with 

Brucella 


QP 

16 DAYS AFTER INJECTION 

25 DATS AFTER INJECTION 

35 DATS AFTER INJECTION 

SPLEEN 

Agglu- 

tinins 

Opsonocyto- 

phagic 

Skin 

tost 

Agglu- 

tinins 

Opsonocyto- 

phagic 

Skin 

test 


Opsonocyto- 

phagic 

Skin 

test 

CTJI^ 

TUBE 

21 

m 

Weak 

0 

1:1280 

Moderate 


1 

640 

strong 

++ 


22 


Weak 

0 

1:320 

Weak 

0 

1 

640 

Weak 


+ 

23 

1:80 

Weak 

0 

1:640 

Weak 

+ 

1 

1280 

Moderate 

+++ 

+ 

24 

1:80 

Weak 

0 

1:160 

Weak 

+ 

1 

320 

Moderate 

+ + 

+ 

25 

1:80 

Weak 

0 

1:160 

Weak 

+ 

1 

640 

Weak 

++ 


26 

1:80 

Weak 

0 

1:320 

Weak 

0 

1 

320 

Weak 


+ 

27 


Weak 

0 

1:320 

Weak 

+ 

1 

640 

Moderate 

+++ 

+ 

28 

IBkI] 

Weak 

0 

1:160 

Weak 

0 

1 

320 

Weak 


+ 

29 

1:40 

Weak 

0 

1:80 

Moderate 

0 

1 

640 

Moderate 



30 


Weak 

0 

1:320 

Weak 

0 

1 

640 

Moderate 

+ 

+ 

31 


Weak 

0 

1:160 

Weak 

0 

1 

160 

Weak 


+ 

32 

1:40 

Weak 

0 

1:40 

Weak 

+ 

1 

320 

Weak 

++ 

+ 

33 

1:20 

Weak 

0 

1:80 

Weak 

0 

1 

160 

Weak 


+ 

34 

wm 


0 

1:320 

Weak 

0 

1 

320 

VVeak 


+ 

35 

IBS 

Weak 

0 

1:80 

Weak 

0 

1 

640 

Moderate 

++ 

+ 

36 


Weak 

0 

1:640 

Moderate 

+ 

a 

1280 

Weak 

+ 

+ 

37 

1:40 


0 

1:320 

Weak 

+ 

1 

640 

Moderate 

+++ 

+ 

38 

1:80 

Weak 

0 

1:640 

Weak 

0 

1 

1280 

Moderate 


+ 

39 


Weak 

0 

1:320 

Weak 

0 

1 

640 

Weak 

0 

+ 

40 


Weak 

0 

1:320 

Weak 

0 

1 

320 

Weak 

+ 

+ 


DISCUSSION 

In reviewing the literature, one is impressed by the fact that 
in the cases of Brucellosis reported to date, every patient who 
responded well to sulfanilamide therapy had a high agglutinin 
titre before the chemo-therapy was begun. Bethoux reported 
a patient with Brucella bacteremia who had a weak agglutinin 
titre, and he was unable to sterilize the circulating blood by 
sulfanilamide therapy. Our findings in guinea pigs support the 
clinical observations in suggesting that the bacteriostatic action 
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allows the normal defense mechanisms of the body to cope ade- 
quately with the invading bacteria. 
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Spore-bearing aerobic bacteria* capable of producing striking 
black pigments have been known since the early reports of 
Gorini (1896) on “Bacillus lactis-niger” and of Biel (1896) and 
Lunt (1896) on “Bacillus mesentericus-niger” Although these 
types have become established in the bacteriological literature 
under the respective binomial designations of Bacillus niger 
(Migula, 1900) and Bacillus aienimus (Lehmann and Neumann, 
1896), there has been little agreement upon their characteriza- 
tion or upon the cultural conditions necessary for their pig- 
mentation. 

Ford (1927) noted that B. aterrinius blackened potato very 
strikingly, in contrast to the brown color produced by B. niger. 
On the other hand, the differential key in Bergey’s Manual (1934) 
employed the blackening of potato in the reverse order for sepa- 
rating the two species — B. aterrimus, white to pinlc; B. niger, 
black. Levine and Soppeland (1926) found both species capable 
of blackening potato, but only B. niger capable of fermenting 
lactose. This character was therefore used to separate the two 
species. Lehmann, Neumann and Breed (1931) considered the 
pigment-producing abilities of these organisms to be variable or 
inconstant, and grouped them together with forms closely related 
to Bacillus vulgatus. 

* The authors wish to express their appreciation to all those who so kindly 
furnished the cultures which made this study possible and to Charles Thom, 
principal mycologist in charge, for his interest and cooperation during the course 
of this work. 
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Other species capable of producing a black coloration have been 
described. Carbone and associates (1921) refer to BaciUtis 
tyrosinogenes of Rusconi; Fabian and Nienhuis (1934) found 
Bacillus nigrificans in spoiled pickles; and Cameron, Esty and 
Williams (1936) described Bacillus betanigrificans capable of 
blackening beets and culture media in the presence of iron. The 
relationships of these proposed species to B. niger and B. aterri- 
mus have not hitherto been defined. 

CULTURES STUDIED 

Observations reported in this paper were made upon a collection 
of 40 cultures, 12 of which were received as named species, 7 were 
received unnamed but known to produce pigment, and 21 were 
isolated by the authors. These cultures are fisted below under 
the three species into which they naturally fall because of their 
physiological characteristics. The name imder which the culture 
was received and the history as far as known, is given opposite 
the number of the culture as it exists in our collection. 

I. Bacillus niger 

220 B. mesentericus, var. niger, from AMNH (733) in 1923; Krai. 

229 Black bacillus. Smith, isolated in 1912. 

254 B. lactis-niger, from Gorini (2) in 1936. 

264 B. niger, from Hall (799) in 1936; Ford. 

265 Black bacillus, from Hall (1509) in 1936. 

650 B. niger, from Cameron in 1937; Breed; NCTC 2736; Gorini. 

651 B. niger, from Cameron in 1937; Breed; NCTC 2592; Ford (6). 
655 B. lactis-niger, from Cameron in 1937; Breed; Gorini (2). 

18 isolates from soil and air, 1936. 

II. Bacillus aierrimus 

230 Black bacillus, from Thom in 1936 (isolated in 1912). 

259 Black bacillus, from Hall (581) in 1936. 

260 Black bacillus, from Hall (620) in 1936. 

261 Black bacillus, from Hall (621A) in 1936. 

262 Black bacillus, from Hall (622) in 1936. 

353 B. tyrosinogenes (Rusconi), from Hall in 1937; Istituto Sieroter., 
Milan. 

624 B. nigrificans, from Porter in 1937 ; Fabian. 
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653 B. alerrivius, from Cameron in 1937; Breed; NCTC 2591; Ford 
(5B) 

659 B. nigrificans, from Cameron in 1937; Fabian. 

3 isolates from soil, 1936. 

III. Bacillus helanigrificans 

648 B. helanigrificans, from Porter in 1937. 

649 B. helanigrificans, from Cameron in 1937. 

In addition to these cultures, 6 cultures were received as B. 
aterrwius and 6 as B. niger (or B. lactis-niger) , which could not be 
identified as belonging to either of these species. 

INFLUENCE OF THE MEDIUM ON PIGMENTATION BY B. NIGER 

The importance of the substrate in the development of pig- 
ment by B. niger was evident when cultures, previously coal- 
black, failed to produce pigment when transferred to another lot 
of nutrient agar. These cultures, however, readily produced 
pigment when returned to the original medium. To overcome 
the supposed deficiency in the one medium, various modifications, 
such as the addition of carbohydrates or mineral salts, singly and 
in combination, or the changing of the pH value, were made 
without success. Finally, all brands of commercial peptones 
available in this laboratory were used in agar. On 5 peptone 
agars, B. niger produced blackening (see table 1) but failed to do 
so on the remaining 4; B. aterrimus failed on all. The addition of 
beef-extract paste to 2 of the 4 peptone agars not blackened by 
B. niger resulted in blackening; the growth of B. niger upon beef- 
extract agar alone, however, was colorless. 

The addition of glucose or maltose inhibited the production 
of pigment on those peptone agars which were normally blackened 
by B. niger. This suggested that certain break-down products 
of protein were necessary for the blackening and that fermentable 
carbohydrates spared the protein from decomposition. Since the 
various commercial peptones are known to vary in their amino- 
acid content as well as m other respects, correction of those pep- 
tones unsuitable for pigmentation was attempted. Glycine, 
alanine, aspartic acid, leucine and tsrosine were added singly to 
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nutrient agar prepared from peptone "A”^ B. niger produced a 
black pigmentation only on the nutrient agar to which tjTosine 
had been added. The addition of glucose or maltose to this 
medium did not interfere with the development of the pigmenta- 
tion as it did in the cases mentioned above. 

In addition to those media already mentioned, milk- agar (equal 
volumes of skim milk and 4 per cent agar-agar) is suitable for B. 
niger, the black pigment usually appearing in a few days. 

TABLE 1 


Pigmentation responses of B. niger and B- aterrimus on various peptone agars 


PEPTONE 

1.0% PEPTONE 

0.5% PEPTONE 

0.3% BEET EXTRACT 

0.5% PEPTONE 

0.3% BEEF EXTRACT 

1.0% GLUCOSE 


B. niger 

B. aterrimua 

B. niger 

j5. aterrimvi 

B. niger 

aterrimug 

A 



-t 

-t 

-f 

+ 

B 


— 

+ 


— 


C 

+ 


+ ' 

— 

_ 

+ 

D 


— 

+ 

— 



E 

-r 

- 

+ 

— 


■f 

F 


. “ 

+ 

- 

— 

+ 

G 

1 _ 


— 

1 ^ 

_ 

+ 

H 

+ 

- 

-1- 

— 

- 

+ 

I 

— 


+ 

— 

— 



* -t- black pigment present; — black pigment absent, 
t Blackening wth free tyrosine added. 
t No blackening ■ndth free tyrosine added. 


HOLE OF FERMENTABLE CAEBOHYDEATES IN THE PIGMENTATION OF 

B. ATEREIMUS 

The reports of many previous workers that carbohydrate com- 
pounds are especially desirable for the black pigmentation of B. 
aterrimus have been confirmed. B. aterrimus cultures failed to 
show blackening on any of the peptone, peptone-beef, or tyrosine- 
peptone-beef agars blackened by B. niger. However, the addi- 

* None of our cultures of B. niger blackened nutrient agar containing this 
peptone (Difco’s Bacto-Peptone). Of the 9 peptones studied, nutrient agars 
prepared nith Difco Bacto-Tryptone or Bacto-Proteose Peptone were the most 
readily blackened by B. niger. 
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tion of a fermentable carbohydrate to any type of peptone agar 
that would support at least a moderate growth of B. aterrimus 
rendered that medium favorable for pigmentation by this species, 
regardless of whether or not the peptone was a type blackened by 
B. niger. The differences in the types of media which permit 
pigmentation of B. aterrimus and B. niger are shown in table 1. 

Broquin-Lacombe (1913) recognized that B. aterrimus had the 
ability to blacken an inorganic nitrogen medium containing a fer- 
mentable sugar, whereas B. niger lacks this ability. We have 
noted blue or black pigments in B. aterrimus cultures upon mono- 
basic ammonium phosphate agar with such carbon sources as 
xylose, arabinose, glucose, levulose, maltose, sucrose, starch, 
dextrin, salicin, or mannitol. 

All cultures of B. aterrimus and the majority of cultures of 
B. niger blackened sterilized potato. In view of the differences 
obtained on other media, it is probable that B. aterrimus produces 
pigment on potato by means of a different enzyme system than 
does J5. niger. Muschel (1922) expressed the opinion that B. 
aterrimus produces a polyphenyloxydase blackening of carbo- 
hydrate condensation products. It is probable that B. niger 
produces a melanin-type pigment by means of a tyrosinase 
system. For either system, potato, or peptone agar containing 
both fermentable sugar and free tyrosine, serve as satisfactory 
substrata for pigment production. 

Although we are in agreement with Levine and Soppeland 
(1926) that either species may produce blackening on potato, we 
do not agree that lactose fermentation by B. niger suffices to 
separate it from B. aterrimus. For this determination the syn- 
thetic carbohydrate agars with brom-cresol-purple indicator were 
used as recommended in the Manual of Methods for Pure Culture 
Study, edited by the Committee on Bacteriological Technique 
of the Society of American Bacteriologists. Growth and more 
or less acid formation within 2 weeks indicated a positive reaction, 
whereas no growth or a very scant growth and no acid indicated 
a negative reaction. All of our isolations of B. niger are lactose 
negative, as was the B. niger (culture 254) received directly from 
Gorini in 1936. On the other hand, cultures of B. niger from the 
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American Type Culture Collection (culture 220) and from Hall 
(culture 264) were lactose positive. All cultures of B. aterrimns 
were lactose negative. Therefore, lactose fermentation does not 
appear an adequate differential criterion. It has been previously 
reported (Clark and Smith, 1938) that several species of aerobic 
spore-formers regularly produce slow or mutant fermentations on 
certain sugars. For instance. Bacillus megatheriuvi was noted to 
vary on mannose. Bacillus cereus and Bacillus viycoides, on 
sucrose, and Bacillus vvlgatus, on lactose. 

The cultures of B. nigrificans and of B. tyrosinogenes (Rusconi) 
were identical in every respect to type cultures of B. aienimus] 
they produce similar blackening on sugar media, and are con- 
sidered to be synonymous. 

CULTURES DISTINCT FROM B. NIGER AND B. ATERRIMUS 

B. betanigrificans exhibited morphologic and cultural differ- 
ences, especially the production of gas on carbohydrate media 
which readily separates it both from B. niger and B. aterrimns. 
It was not found to produce a black pigment on potato, milk agar, 
or ordinary peptone or sugar agars, but it does produce a brownish 
or black pigment in the presence of metallic iron in various media, 
as originally reported by Cameron, Esty and Williams (1936). 

As stated in the forepart of this paper, a total of 12 cultures 
received as B. aterrimus or B. niger were identified as species 
other than either of these. The donor of certain cultures stated 
that he had never seen any pigmentation with those particular 
cultures, but that they undoubtedly did produce color when they 
were isolated. This apparent variability in pigment production 
has led some bacteriologists’ to believe that this character is 
transient, whereas others believe it a stable character, although 
at the moment lacking proof for their opinion except as they have 
observed their own cultures. Of these 12 mislabelled cultures, 
only 3 were identified as Bacillus vulgatus, a closely allied species, 
whereas 9 were distinctly different in their reactions. 

Cultural similarities between B. vulgatus, B. niger and B. 


’ Personal communications. 
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aterrimus made it desirable to determine whether pigment produc- 
tion was a stable character and whether variants might be de- 
veloped. Consequently, cultures of B. vulgatus were subcultured 
repeatedly in enrichment broths without any pigmented strains 
being obtained. Attempts were also made to produce non-pig- 
mented strains from cultures of B. niger and B. aterrimus. 
Cultures were aged in acid, neutral or alkaline broths (pH 5.5, 
7.0, 8.0) and plated out at varying intervals. Smooth and rough 
colony forms were picked from these platings for further aging 
and plating. In no case was it found possible to obtain a non- 
pigmented daughter strain from an originally pigmented parent 
culture. Finally, it may be stated that B. niger (number 229) 
and B. aterrimus (number 230) have been maintained m this 
laboratory for 26 years without any special care and without loss 
of their characteristic type of pigmentation. 

StJMMAEY 

Bacillus niger produces a black pigment upon protein media 
which contain free or metabolically available tyrosine. Some 
commercial peptones containing no readily available tyrosine are 
not blackened unless free tyrosine is added. The addition of a 
fermentable sugar to many protein media normally blackened 
by Bacillus niger inhibits pigmentation unless free tyrosine is 
added. 

Bacillus aterrimus blackens media containing fermentable car- 
bohydrates, either in the presence or absence of tyrosine, but does 
not blacken sugar-free peptone media which are readily blackened 
by Bacillus niger. Carbohydrate media containing mineral 
nitrogen are also blackened by Bacillus aterrimus but not by 
Bacillus niger. 

Cultural requirements for the production of pigment by 
Bacillus aterrimus and Bacillus niger are believed sufficient to 
warrant their recognition as separate species. Since non-pig- 
mented variants could not be developed and since a culture of 
each has been maintained for 26 years without loss of pigmenta- 
tion, it seems that this is a stable character. 

Bacillus nigrificans (Fabian) and Bacillus tyrosinogenes (Rus- 
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coDi) were found similar in all respects to Bacillus aterrimus, and 
are believed to be synonymous with that species. 

Bacillus hetanigrificans produces black coloration in the pres- 
ence of metallic iron, but not upon the media readily blackened 
by the species considered above. It possesses morphological 
and cultural properties that easily separate it from Bacillus niger 
and Bacillus aterrimus. 
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Contrary to the earlier idea that the initial lag in the multi- 
plication of bacteria represents a period of latency, it is now rec- 
ognized that actually this is a period of intense growth during 
which the cells are increasing in size and metabolic activity 
(Huntington and Winslow, 1937). Nevertheless, the new facts 
have been regarded as manifestations of rejuvenescence, and the 
description of lag as an interval of preparation for active mul- 
tiplication has been retained (Topley and Wilson, 1936). Ob- 
viously, if it is to conform to the usual definitions, rejuvenescence 
of bacterial cells must be marked by an increased capacity for 
growth and metabolism which is independent of the increase in 
size. We have already shown to our satisfaction that when 
environmental conditions are held constant, the age of the source 
culture of Escherichia coli does not influence the rate of oxygen 
consumption per unit of bacterial substance (Hershey and 
Bronfenbrenner, 1938). At the same time indirect evidence was 
obtained that the initial rate of groivth of cells transplanted from 
young and old cultures is the same, and this was substantially 
confirmed by the observation that under favorable conditions 
growth in broth regularly occurs without lag, if changes in the 
size of cells are taken into account (Hershey, 1938). The ex- 
periments to be reported at the present time are concerned with 
the direct measurement of the rate of increase in bulk of bacterial 
substance in relation to the age of the culture of E. coli. 

The few data of this kind contained in the literature do not 
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bear directly on the question of age. However, certain observa- 
tions on the rate of growth during the phase of lag should be 
referred to. Henrici (1928) constructed curves representing the 
growth in total cell length of microcolonies of Bacillus megathe- 
rium, and noted a marked shortening of the lag period as compared 
with curves representing the uneorrected cell count, A simi)??r 
peculiarity was found by Alper and Sterne (1933) in curves ob- 
tained by photo-electric measurement of the opacity of cultures 
of Salmonella gallinarum. 

Adolph and Bayne-Jones (1932) and Ba 3 me-Jones and Adolph 
(1933) computed rates of volume increase of individual cells 
from motion picture photomicrographs of agar cultures of B. 
megatherium and E. coli. Occasional cells initiated growth at 
the maximal rate, but lag was noticeable in most cases. The 
considerable differences in behavior of individual cells were not 
clearly correlated with the age of the parent culture. 

Coombs and Stephenson (1926) have described a gravimetric 
method for determination of bacteria, but this appears not to be 
applicable to measurement of initial rates of growth. A similar 
method has been used by Bach (1937), however, in following the 
development of Staphylococcus aureus. This author obtained 
curves of increase in bacterial mass which he believed to be 
atypical, a conclusion evidently proceeding from misinterpre- 
tation of data. No observations of the initial growth period 
were made. 

The observation of lag has thus been the rule whatever the 
method of measuring rate of growth, and the inference has 
usually been made that the early increase in rate is a reflection of 
intrinsic changes in cell physiology. Our previous experiments 
with E. coli {loc. cit.) have failed throughout to confirm these 
suggestions, and the results reported below seem to give decisive 
support to our earlier evidence that the age (i.e., phase of growth) 
of cells is not one of the factors influencing the rate of growth of 
this organism. Lag, when it is observed, we are inclined to 
attribute to initially unfavorable conditions of growth quite 
distinct from any pecuharity inherent in the cells. 

In the following experiments we have applied three different 



FACTORS LIMITING BACTERIAL GROWTH 


287 


methods to the measurement of growth in cultures of E. coU, 
each of which has proved to yield authentic values for total 
increase of bacterial substance. Since these methods were 
suited to the study of cultures in liquid media, the findings could 
be directly correlated with existing knowledge of bacterial mul- 
tiplication. And since the rates obtained were averages exclusive 
of individual variations, they could be conveniently related to 
the age of the parent culture. 

Considerable care has been exercised to obtain physiologically 
“young” and “old” bacteria of constant properties. The strain 
of E. coli used was a stock culture subjected to repeated plating 
and dried in vacuo in sealed ampoules by the method of Brown 
(1926). To insure against dissociation during the course of the 
work, a new transplant was made each week from the same lot 
of desiccated culture and maintained in the interval by daily 
transfer in broth. A single lot of medium, consisting of a stock 
solution of 10 per cent Bactopeptone, 5 per cent Difco beef 
extract, and m/ 10 phosphate buffer of the desired pH, filtered 
and autoclaved, and diluted to 10 volumes with sterile 0.5 per 
cent saline as needed, was used throughout each series of measure- 
ments. Seeded in 200 ml. amounts in one-liter Erlenmeyer 
flasks with 0.02 ml. (2 X lO’^ bacteria) of a similar culture 24 
hours old, cultures yielding reproducible growth curves were 
obtained. For the experiments with young bacteria, cultures 
prepared in this manner were centrifuged approximately three 
hours after seeding, at which time the organisms have attained 
maximal size and are just entering the phase of logarithmic 
multiphcation. For old bacteria, cultures of 24 hours or more 
were used.^ Accompanying each experiment, counts of viable 
cells have been made to verify that the rate of multiplication 
corresponded with that of young or old bacteria respectively, 
and to compute the average size of cells. In addition a few 
trials were made to determine whether the organisms in the three- 
hour cultures would show the increased susceptibility to dele- 

* In these, and similar unreported experiments, no significant change in growth 
capacity or metabolic activity has been observed in the viable cells remaining in 
cultures from one to seven days old. 
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terious influences conunonly ascribed to "physiologically young" 
cultures (Sherman and Albus, 1923). In every case these various 
evidences fully justified our choice of conditions for obtainbg 
young and old bacteria. (See tables 1, 3 and 4.) 

THE ASSAY OF BACTEKIAL SUBSTANCE 

Total bacterial substance was estimated for measurement ol 
growth rate by means of a photo-electric nephelometer suited to 
quantitative measurements (Stier, Arnold, and Stannard, 
1933-4), by determination of centrifugable nitrogen (Mueller, 
1935), or by a manometric method. 

The first of these was found to be the most convenient, and, 
when used with the proper precautions, extremely accurate, 

TABLE 1 


Survival of young and old bacteria in distilled water 


AGE or 1 

i 

DttaVTIOtt 1 

1 

1 

DILUnNQ PLUIO 

NBiSEEBS PER ML.* AETEE 

CtrtTTJBE 

Omisuies ] 

ISminutea' 

SO minvitM ' 

60 loSiwitts 

hOUT9 

24 

10-’ 

Distilled water 

109 

113 

1 

85 1 

55 

3 

10-^ 

Distilled water 

90 

1 

0 

0 

3 

10-< 

Saline 

1 

t 88 

1 90 j 

87 ] 

79 


* Average of three plates. 


The recommendations of the author regarding the method of 
expressing optical density, and of calibration, were followed in 
detail. The excellent discussion of this instrument by Longs- 
worth (1936) was also found helpful. It was convenient to 
make the calibration using one tube for the blank containing 
broth, and reserving a second for the sample of culture. In 
every case the reading of the latter was preceded and followed by 
a reading of the blank, all three readings being repeated if nec-^ 
essary until the first and last were in agreement. Calibration 
was made with dilutions in broth of a formalinized culture of 
E. coli which had been incubated 24 hours and standardized by 
plate count. The turbidity of formalinized cultures did not 
change during several hours. The instrument was suitable for 
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measuring populations of 10^ to lO® organisms of minimum size 
(10® to 10® in young cultures) per milliliter, giving values re- 
producible within less than two per cent in the region of 10® per 
milliliter. In the present experiments, cultures were diluted, if 
necessary, with broth to approximate this number before meas- 
urement. 

Since the optical density of bacterial suspensions may vary 
with factors other than the size and number of organisms, pre- 
liminary experiments were necessary to ascertain the validity of 
interpreting as bacterial ma^s the turbidity of cultures of differ- 
ent age in terms of a single calibration. For this purpose, sus- 
pensions of organisms washed in saline were prepared from three- 

TABLE 2 


Comparison of optical density with nitrogen content of suspensions of young and 

old cells 


AQE OF SOiritCE 
CVVnJRE 

VIABLE* COUNT 
(VC) 

NEPHELOMET- 
niC* COUNT 

(nc) 

KITBOOEN* 
TEB ML. 

(n) 

appahent size 
(nc/vc) 

BATIO 

(n/no) 

hours 

X /O* per ml. 

X /O* per ml» 

mgm. \ 


■■■ 

24 

940 

835 


0.9 


3.5 

310 

739 

■■ 

2.4 

■■ 


* Cells washed twice and resuspended in suiBcient saline to give a turbidity 
equal to 10” organisms per ml. 


and-one-half and twenty-four hour cultures respectively, and 
the bacterial content of each was determined by parallel measure- 
ments of bacterial nitrogen and optical density. In addition 
the suspensions were counted to provide a measure of relative 
size.® Table 2 sets forth the results of this experiment, in which 
it can be seen that the ratio of turbidity to nitrogen is constant 
within expected error in spite of the three-fold difference in aver- 

” Since measurements of size are based on viable counts, the values are valid 
only for suspensions of viable organisms. There is no indication that our 24-hour 
cultures contain appreciable numbers of non-viable cells (see, for example, an 
earlier experiment, Hershey, 1937). Nor is it probable that considerable numbers 
of cells from young susceptible cultures die during the process of washing, since 
in actual test cultures of this age diluted largely in saline were found to be 90 per 
cent viable after one hour at room temperature, in contrast to their mortaility in 
water (table 1). 
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age size of cells in the two suspensions. The nephelometric 
method is, therefore, suitable for the estimation of bacterial 
mass in cultures of different age, a conclusion which might also 
be made from the agreement between growth rates obtained by 
the various methods (table 3). 

The method used for determining bacterial nitrogen has al- 
ready been described (Hershey, 1937). The principal source of 
error with this method is in centrifugation. Recentrifuging in 
conical tubes is essential. Populations of 10^ per ml. or greater 
may be satisfactorily determined, the micro-Kjeldahl method 
requiring about 200 ml. of the three-hour cultures, and as little 
as 10 ml. (0.3 mgm. N) of cultures fully grown. 

The use of the Warburg-Barcroft manometer in our hands 
has been referred to (Hershey and Bronfenbrenner, 1937 and 
1938). Bacteria in yormg cultures were estimated by measuring 
the oxygen consumption of five ml. aliquots without added 
nutrient, after determining that the oxygen use^ under these 
conditions was not different from that in fresh broth. This has 
been found to hold substantially true for cultures in which the 
population has not reached 10® organisms per millihter. For 
the estimation of bacteria in older cultures, one ml. of the un- 
centrifuged culture was placed in the side arm of the manom- 
eter vessel, with 4 ml. of broth on the floor. In either case, 
after temperature equilibration, the side-arm was tilted and the 
oxygen consumption at zero time obtained in the usual way. 
This method was applicable to measurement of 10® or more 
organisms of noinimum size per milliliter. Values obtained in 
this way represent, of course, the bacteria present at the time of 
reading, rather than at the time of removal from the parent 
culture. 

NEPHELOJIETBIC MEASUREMENT OP RATE OF GROWTH 

Broth in 100 ml. amounts, filtered asceptically through paper 
into a one-liter Erlenmeyer flask, was warmed to 37°C. in a water 
bath and seeded with the desired aliquot of the parent culture. 
The latter was prepared as previously described from a seeding 
of 10® organisms per milliliter. If the final population for the 
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growth rate measurement was to exceed 10® organisms per 
milliliter, aeration was practised to avoid suppression of growth 
due to lack of oxygen. Immediately after making the transfer, 
the parent culture was counted, and directly killed by addition 
of 0.5 per cent formalin. Turbidity of the formahnized sample 
was measured within 10 minutes. At the end of the incubation 
period the subculture was analyzed in the same way. From the 
values obtained for the two cultures, the rate of growth was 

expressed by the formula nji = wheren/iis the 

reciprocal of the apparent generation time, is the initial and 
5 the final number of bacteria, and i the period of incubation, 
these values referring to the daughter culture. Substitution 
into this formula of the viable counts gave the rate of multipli- 
cation in generations per hour, while the nephelometric values 
gave the rate of mass increment.® Since the turbidity of young 
cultures is shghtly below the value expected from the nitrogen 
content (table 2), the tendency of error from this source is to 
give abnormally low values for the growth rates of old cells. 
The ratio of the nephelometric to the viable count was taken as 
the index of size. The nephelometer having been calibrated 
with 24-hour cultures, the index is near unity for cultures of 
this age and proportionately larger for the young cultures, with 
a maximum value approaching ten. 

MEASUEEMENT OP BATE OP GEOWTH BY DETEEMINATION OP 
BACTEEIAL NITEOGEN 

This method has been used primarily as a control corroborating 
nephelometric experiments. The procedure described above was 
followed exactly, with the exception that nephelometric measure- 

’ The growth rate calculated from nephelometric data may be defined as the 
number of two-fold increases in turbidity per hour, and would be identical with 
the multiplication rate (generations per hour) in a hypothetical culture in which 
the average size of cells remained constant. This unit has been chosen to give 
values numerically comparable with the multiplication rate. Values given by 
the formula we have used can be readily converted to those commonly expressed 
by the equation C, = l/l In h/B to which they are proportional, by applying the 
factor 0.69. 
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ments were supplemented by determinations of the nitrogen in 
the washed sediment from the formalinized cultures. Growth 
rates were computed in the same way as from the nephelometric 
data. Size was expressed as nitrogen per viable cell, which was 
found to be about 0.3 X 10“^® mgm. for 24 hour cultures, with a 
maximum of 10 times this figure for young cultures. 

MANOMETEIC MEASUREMENT OP GROWTH RATE 

This method provided a valuable check on the two preceding 
methods, since it is not subject to possible errors due to formation 
of non-bacterial sediments in the medium. A systematic error 
is introduced, however, from the fact that removal of carbon 
dioxide in the respirometer vessel depresses the rate of growth 
during the interval of equilibration of temperature. This effect 
tends to cancel out when young cultures are being studied, and 
to give somewhat low values for the growth rate of cultures 
seeded with old cells. The depressive effect of lack of carbon 
dioxide on the growth rate was found to be less marked the larger 
the numbers of bacteria in the vessel, and introduced no signifi- 
cant error mider the conditions used when 10® or more bacteria 
per ml. were present. 

The manometric measimement of growth rate differed in 
detail from the two preceding methods. Ahquots of the parent 
culture representing 10® to 10® bacteria each were placed in 
duplicate vessels of the respirometer and the rate of oxygen 
consumption determined after equilibration of temperature. 
The bacterial count was made and the seed introduced into the 
subculture at the moment when reading of the manometers was 
begun, samples being taken for this pm-pose from the duplicate 
vessel. After a suitable incubation period, as the numbers 
approached 10® bacteria per ml., five ml. aliquots of the daughter 
cultime were placed in each of the two warmed vessels and equili- 
brated 20 minutes in the water bath. When the temperature 
was constant, the viable count was made from the duplicate 
vessel, and readings were begun as before. The period of incu- 
bation of the subcultm-e was thus represented by the interval 
between the zero times of the respective measurements. The 
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growth rate was obtained by substitution of these values into 
the formula. Size, expressed as rate of oxygen uptake per cell, 
was found to be about 2.0 X mm® per hour for 24-hour 
cultures, and five to eight times greater in young cultures. 
Maximal size is difficult to observe by this method, for the reason 
that the cells are already becoming smaller when the bacteria 
are numerous enough to permit of measurement, but the values 
conform well with indices obtained at corresponding times by 
the other methods. 

Values for the rates of multiplication and of growth deter- 
mined by the three methods, together with data on population and 
average size in the cultures studied, are given in tables 3 and 4. 
Reference to the last column of table 3A, B and C, showing the 
rate of growth obtained by the various methods, discloses at 
once the substantial agreement. 

In table 5 the observed values have been averaged and sub- 
mitted to statistical analysis. Transplants made from the young 
cultures have shown only insignificantly higher rates of growth, 
the odds against these differences resulting from chance being 
about three to one and two to one, respectively, for the two 
experimental series. The ratio of the difference to its standard 
error for the first series is 1.1, for the second 0.8, while the mini- 
mum significant value is generally taken to be 3.0. On statistical 
reasoning alone, therefore, neglecting the tendency of known 
experimental errors, the smallest difference in growth rate to be 
regarded as significant is 0.36 generation per hour for the second 
series. Thus, with the average value of 21.4 minutes for the 
apparent generation time of old cells, that of more rapidly grow- 
ing young cells should be at most 19.0 minutes. Actually, the 
latter value is 20.7 minutes. It will be remembered, moreover, 
from the discussion of the several methods, that the known errors 
tend in each case to give abnormally low values to the growth 
rate of the elder seedings, and the presence of dead cells in these 
seedings undoubtedly augments this tendency. The difference 
actually observed, about six per cent for the totaled values, is 
entirely within the limits of magnitude reasonably attributable 
to these sources of error. 
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If it be agreed that no significant differences exist between the 
growth rates of young and old bacteria, the same cannot be said 
of the rates of multiplication. The latter, calculated for the 
same cultures (tables 3 and 4), illustrate very clearly the marked 
differences corresponding with the age of the inoculum which 
are commonly observed. The paradox that old and young 
bacteria may exhibit identical growth rates, while differing 
markedly in rate of multiplication, is to be explained only by 
consideration of average cell-size. Growing at the same rate, 
the smaller bacteria from old cultures require a longer time 


TABLE 5 

E^ect of pH and age of culture on rale of growth of transplants of E. coli* 
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* Analysis of data of tables 3 and 4. 


(“lag”) to reach the size at which fission occurs in freshly seeded 
broth, than do young bacteria of greater initial size. 

Inspection of the tables reveals no systematic errors affecting 
the conclusions to be drawn. The two series of experiments, 
using broth of pH 6.8 and 7.4 respectively (table 5), have yielded 
identical results. The somewhat smaller experimental variation 
in the latter series bespeaks the accuracy which comes with 
practice. 

It should be observed that the experiments include a rather 
wide range of initial seedings, and periods of incubation, neither 
of which has had any effect on the rate of growth. This adds 
considerably to the significance of the findings, for the magni- 
tude and kind of errors expected imder the several conditions 
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are very different. The smaller seedings were used especially to 
test the argument that differences in growth rate of organisms of 
different age might be magnified in this case, as are differences in 
the rate of multiphcation. On the other hand, with large seed- 
ings growth could be measured over a much shorter time period, 
even a fraction of a single generation time, which might be ex- 
pected to consist quite neatly of the period of “rejuvenescence.” 
No sign of lag in absolute growth rate was encountered, however, 
in any of the experiments, the recorded values agreeing precisely 
with the maximum rates of growth attained in cultures observed 
continuously by the same methods (unpublished data). The 
initial growth rates measured in these experiments represent, 
therefore, the maximum rate for this orgatusm under the con- 
ditions of cultivation employed, and no “period of adjustment,” 
either of bacteria to the new medium or the reverse, is evident. 
The fact that the maximxim absolute rate of growth is less than 
three “doublings” per hour, while the rate of multiplication at 
its maximum may exceed four generations per hour, is explained 
by the circumstance that the latter is observed during the period 
in which size is decreasing, i.e., bacteria are actually multiplying 
faster than they are growing. 

The bearing of these observations on the general problem of 
growth phases is clear : that so far as differences in rate of numer- 
ical increase are concerned, “physiological youth” of the cells 
in young cultures of E. coli is an artifact, and that changes in 
size, conditioned in turn by changing emdronmental status, and 
the direct effect of the latter on metabolism, sufficiently explain 
the course of events in the development of the culture. Ex- 
periments are being planned, directed toward further elucidation 
of these relationships. 


SUMMARY 

Initial growth rates deduced from measurements of turbidity, 
bacterial nitrogen, and oxygen uptake of broth transplants of 
Escherichia coli seeded from young and old cultures respectively, 
have given identical values, while parallel measurements of rate 
of multiplication revealed the expected differences. We con- 
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elude that the physiologic state of the cells does not influence 
their rate of growth, and that the lag in rate of multiplication 
must be attributed to changes in the factors limiting the size at 
which fission occurs during the period of growth. 
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During the past decade bacteriologists have become increas- 
ingly interested in the study of the chemical composition of 
bacterial cells. Numerous investigators have demonstrated a 
correlation between the cell components and certain biological 
activities. Most of the investigations have been concerned with 
carbohydrates, proteins, nucleic acids, etc.; the hpid fractions 
have been only slightly studied. Thus, there is a need for an 
intensive study of the bacterial lipids. The present paper is 
the first of a series of such studies. 

LITERATURE 

In 1893 Cramer demonstrated that the lipid content of certain 
common organisms varied with the carbohydrate content of the 
nutrient medium. Using a Friedlander’s bacillus, he found that 
the lipid content of the organism was 10.26 per cent on nutrient 
agar, but on the same medium plus 5 per cent glucose, the Upid 
content rose to 22.68 per cent. Lyons (1897) verified this work 
by showing that the lipid content of an organism isolated from 
water, when grown on a one-per-cent glucose medium, had a 
lipid content of 11 per cent, but when the amount of glucose was 
increased to 10 per cent, the lipid content rose to 23 per cent. 
Nishimura (1893) also studied an organism isolated from water 

* Based on portions of a thesis presented by Clara H. Williams, June 1938, to 
the University of Rochester in partial fulfillment of the requirements for the 
degree of Master of Science. 

The study upon which this report is based was supported in part by a grant 
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and found the total lipid to be 3.19 per cent of the drj'- weight 
of the bacteria. Approximately 0.68 per cent of the dry weight 
of the organism was lecithin. He isolated a fatty acid which 
melted at 15°C. and a mixture of fatty acids which melted at 
51°C. The former, he believed to be oleic acid, the latter a 
mixture of palmitic and stearic acids. 

Nicolle and AHilaire (1909) analyzed a series of enteric bacilli 
grown upon a potato agar at 37°C. for 24 hours. The total 
lipid content ranged from 9 to 16 per cent of the dry weight of 
the organisms and the presence of phosphorus in the extracts 
indicated that a phospholipid was probably present. Dawson 
(1919) found that the lipid content of Escherichia coli did not 
vary appreciably when he employed various combinations of 
peptone, meat extract, edestin, flour proteins, and potato juice 
in the nutrient media, except when one per cent glycerol was 
incorporated. The total lipid on the glycerol-free media varied 
from 4 to 5 per cent, but in the presence of glycerol it rose to 
8 per cent. 

Eckstein and Soule (1931) grew Escherichia coli on a synthetic 
medium containing alanine in one case and cystine in another 
as the source of nitrogen. In the former the lipid content of the 
dry cells was 7.8 per cent, in the latter the lipid content dropped 
to 3.6 per cent. The iodine number of the total lipid was 25.6 
and that of the total fatty acids 37,4. They postulated, there- 
fore, that oleic acid was the only unsaturated fatty acid present. 
They reported that a phospholipid was present to the extent of 
17.4 per cent of the total lipid, but no cholesterol or other sterols 
were found. The absence of sterols had been observed by 
Miyoshi (1930). Hecht (1935), on the other hand, reported 
that he obtained a positive test for cholesterol with the residue, 
when he warmed petroleum-ether extracts of Escherichia coli 
for 8 hours. 


EXPERIMENTAL 

Materials and methods 

Organisms. Nine strains of Gram-negative, non-sporulating, 
enteric bacilli were used for analysis. They represented four 
species or t 3 T 3 es. Of these, four strains, 214, 214PA5, 225, and 
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229B, were Escherichia coli\ three strains, 234, 239-1 and 248-1, 
were Escherichia communior; one strain, 300-1, was a character- 
istic Escherichia- Aeroiacter “intermediate”, strain 691, (Tittsler 
and Sandholzer, 1935); and strain 657 was Shigella paradysen- 
teriae (Flexner). Originally, strain 229B fermented sucrose, but 
during the past year it has lost this capacity. Organism 214PA5 
is a substrain of 214. It was isolated after several serial passages 
of the parent strain on lithium-chloride agar (nutrient agar 
plus 0.3 per cent lithium chloride) in July 1936. Since then it 
has been maintained on plain agar. 

Culture media. Throughout the present study, the organisms 
used for analysis were grown on plain agar having the following 
composition: peptone (Bacto), 20 grams; beef extract (Bacto), 
3 grams; sodium chloride, 5 grams; water (distilled), 1000 cc.; 
final pH, 7.4 to 7.6. The agar was dispensed in Kolle flasks and 
Petri dishes. 

The peptone was analyzed carefully for the presence of lipid. 
Calculations based on the analysis of 15 grams of dry peptone 
showed that it contained less than 0.01 per cent of total lipid. 
Analyses reported in the literature, (Leach and Winton, 1920), 
for beef extract show that it contains approximately 0.16 per 
cent total lipid, an amount which is neghgible for the present 
purpose. 

Stock cultures for inoculation of the agar were prepared in a 
medium of the following composition: peptone (Bacto), 20 grams; 
sodium chloride, 5 grams; water (distilled), 1000 cc.; final pH 
7.4 to 7.6. 

An agar medium was chosen in preference to a liquid one for 
growing the organisms for analysis because of the greater ease 
with which the organisms could be harvested in large quantities. 
The usual harvest of dry bacteria was approximately 2 grams 
from a total of 79 containers (44 Kolle flasks and 35 Petri dishes), 
or 2.8 X 10“^ mgm. per' sq. mm. 

Preparation of samples for lipid analysis. The surface of the 
agar medium was inoculated with a 24-hour peptone-water 
culture of the organism and incubated at 37°C. for 24 hours. 
The consequent growth was washed from the surface of the 
agar with sterile distilled water and the organisms were sedi- 
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mented by high speed centrifugation for an hour at approxi- 
mately 2500 r.p.m. The sedimented residue was then frozen 
and dried in the frozen state in vacuo. The viable organisms 
dried in this maimer were used for analysis. 

Extraction of the lipids. The dry organisms were ground by 
hand in a mortar to a fine powder and aUquots of from 1 to 2 
grams were carefully weighed in a 22 X 80 mm. extraction 
thimble. Extraction of the lipids was carried out using, first, 
alcohol (2 parts) and later ethyl ether (1 part). To shorten the 
time required for extraction, and to make the extraction more 
complete, hot alcohol was employed. The thimble was inserted 
in a tower above a flask containing the boiling solvent and the 
lipids were thus extracted continuously with fresh hot alcohol. 

Determination of lipid fractions. Suitable aliquots of the 
alcohol-ether extract were used for determining the total fatty 
acids, the phospholipid, the fatty acids in the phospholipid by 
the oxidative methods of Bloor (1928). The iodine numbers of 
each of these fractions were determined according to the method 
of Yasuda (1931). 

The percentage of phosphorus in the phospholipid was found 
by digesting the phospholipid with 10 n sulfuric acid and Super- 
oxol and measuring the amount of phosphate in the resulting 
solution using the colorimetric method outhned by Kuttner and 
Cohen (1927). The percentage of nitrogen was determined by 
digesting the phospholipid as in the case of phosphorus and 
determining the ammonia formed by Nesslerization as suggested 
by Folin and Farmer (1912). The method was perfected, so 
that as little as 20 to 40 gamma could be determined by the use 
of a sensitive photoelectric colorimeter developed by Bloor 
(1938). 

Qualitative tests for cholesterol and other sterols were made 
on the acetone soluble portion of the total lipid using the Lieber- 
mann-Burchard and the Windaus method modified by Okey 
(1930). 

Residts 

The detailed data of the lipid analyses expressed as^ per cent 
dry weight of the bacteria are presented in tables 1 to 5 inclusive, 
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and will be discussed below under separate headings. Most of 
the findings are summarized graphically in figure 1. Sufficient 
data have been presented in each table to permit the reader to 
evaluate for hims elf the significance of the differences between 
organisms. 

Total fatty adds. The values for total fatty acids and the 
respective iodine numbers are given in table 1. The data show 
that the total fatty acids varied from approximately 2.5 to 5.0 
per cent of the dry weight of the bacteria. No correlation was 



ORGANISM 

HtOTAL LIPID □phospholipid □ PHOSPHOLIPID FATTY ACIDS ^ TOTALFATTY ACIDS 


Fig. 1. SuMMABY of Anabtses op Bacterial Lipids 

noted between the total fatty acids and the cultural character- 
istics of the organisms. In general, the organisms fall into two 
groups, however, those having total fatty acids comprising from 
4 to 5 per cent of the cell (214, 214PA5, 234, 248-1) and those 
whose total fatty acids represent from 2.5 to 3.0 per cent of the 
cell, (225, 229B, 239-1, 657). The single Escherichia-Aerobacter 
“intermediate” strain in the group has a total fatty acid content 
which is midway between the two groups. 

The iodine numbers show a wide, uncorrelated variation, with 
values ranging from 42 to 82. The values are all below that of 
oleic acid which has an iodine number of 90. It is probable 
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that the only unsaturated fatty acid present is oleic, and it is 
probably present in varying amounts. 

TABLE 1 


Analysis of bacterial lipids. Total fatly acids based on dry weight and the 
corresponding iodine numbers 


ORQANJBM 

PER CENT TOTAL FATTT ACIDS 

IODINE NUMBEnS 

Number 
of deter- 
minations 

Mean 

Standard 

deviation 

Range 

Number 
of deter- 
minations 

Mean 

Standard 

deviation 

Range 

214 

6 

4.21 

IBI 


3 

73 

1.7 


214PA5 

4 

4.27 

119 


4 

48 

3.7 


225 

3 

2.51 

Era 


4 

49 

1.0 


229B 

4 

2.86 

iia 

2.71-3.02 

3 

53 

1.4 

50-51 

234 

3 

4.60 

0.47 

4.26-4.89 

3 

62 

3.7 

52-70 

239-1 

4 

2.62 

0.26 

2.47-2.70 

3 

82 

9.4 

71-94 

248-1 

3 

4.41 

0.10 


3 

42 

3.6 

3947 

300-1 

3 

3.43 

0.22 

3.40-3.46 

3 

76 

0.0 

73-78 

657 

3 

2.92 

0.26 

2.87-2.99 

3 

59 

6.8 

57-03 


TABLE 2 


Analysis of bacterial phospholipids. Phospholipid based on dry weight and the 
corresponding iodine numbers 


ORGANISM 

PER CENT PHOSPHOLIPID 

IODINE NTJMDERS 

Number 
of deter- 
minations 

Mean 

Standard 

deviation 

Range 

Number 
of deter- 
minations 

Mean 

Standard 

deviation 

Range 

214 

4 

4.36 

0.33 

3.90-4.66 

3 

70 

10.3 

61-80 

214PA6 

4 

5.66 

0.33 

5.51-5.85 

3 

52 

7.2 

47-57 

225 

3 

4.07 

0.10 

4.02-4.14 

4 

47 

12.0 

47-50 

229B 

3 

5.04 

0.14 

4.83-6.16 

3 

31 

0.0 

29-32 

234 

4 

4.48 

0.26 

4.24-4.69 

3 

41 

5.3 

41-12 

239-1 

3 

4.35 

0.00 

4.15-4.56 

4 

27 

3.6 

23-32 

248-1 

4 

4.89 

0.28 

4.78-5.01 

3 

87 

3.7 

85-88 

300-1 

3 

4.87 

0.24 

4.81-4.92 

3 

60 

0.5 

59-62 

657 

3 

4.40 

0.22 

4.29-4.58 

3 

75 

7.2 

73-70 


Phospholipids. The values for the phospholipid content of 
the dried bacteria and the corresponding iodine numbers are 
recorded in table 2. Apparently the phospholipid represents the 
major portion of the bacterial Upid. It ranges from approxi- 
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mately 4 to 6 per cent in this group of organisms, the total lipid 
varying from 4.5 to 8 per cent (table 6). The phospholipids 
appear to be fairly constant for the organisms. 

The variation in iodine number, which ranges from 23 to 88, 
may have two explanations. There may be a wide variety of 
phospholipids present which would account for such variations, 
or there may be but one phospholipid, having the same degree 
of unsaturation, but present in varying amounts. 

Phospholipid fatty adds. The data presented in table 3 
indicate that the phospholipid fatty acids in these organisms are 

TABLE 3 


Analysis of bacterial phospholipids. Phospholipid fatty acids based on dry weight 
and the corresponding iodine numbers 


ORGANISM 

PER CENT 
PATTY 
ACID IN 
PHOSPHO- 
LIPID 

PER CENT PHOSPHOLIPID PATTY ACID 

IODINE NUMBERS 

Number 
of deter- 
mina- 
tions 

Mean 

Stand- 

ard 

devia- 

tion 

Hange 

Number 
of deter- 
mina- 
tions 

Mean 

Stand- 

ard 

devia- 

tion 

Range 

214 

63 

3 

2.64 

0.57 

2.65-2.75 

4 

32 

7.6 

30-35 

214PA5 

68 

3 

3.94 

0.26 


2 

36 

2.0 

34-38 

225 

67 

3 

2.72 

0.14 

2.68-2.78 

3 

67 

3.5 

64-68 

22gB 

64 

3 

3.21 

0.17 


3 

33 

5.4 

31-37 

234 

64 

4 

2.90 

0.24 


3 

60 

6.3 

52-65 


73 

3 

3.18 


2.97-3.37 

4 

47 

3.5 

43-50 


67 

4 

3.27 


3.13-3.42 

3 

77 

3.2 

76-77 

300-1 

65 

3 

3.26 

0.14 

3.22-3.34 

3 

SO 

6.5 

47-54 

657 

61 

3 

2.36 

0.01 

2.31-2.44 

3 

86 

3.6 

83-91 


fairly constant in amount and normal when compared to the 
values for all the known phospholipids. 

The amount of phosphohpid fatty acids in the dried bacteria 
is approximately 3 per cent. The iodine numbers also indicate 
here that the amount of unsaturated acid present is small. If 
one compares the iodine number of the phosphohpid with that 
of the phosphohpid fatty acid, it will be noted that with bacterial 
strains 214, 214PA5, 248-1, 300-1, the iodine number of the 
phosphohpid is higher than that of the phosphohpid fatty acid. 
Theoreticahy this is not possible. It has been observed by other 
workers, however, and has been explained by the hypothesis 
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that some oxidation of the unsaturated fatty acids takes place 
on separating the fatty acids from the phospholipid molecule. 

Total lipid. The total lipid is a calculated value arrived at by 
adding the values for the neutral fat, the phospholipids, and the 
non-saponifiable portion of the alcohol-ether extract. By sub- 
tracting the value for the phospholipid fatty acids from the value 
for total fatty acid, the percentage of fatty acid present in the 
organisms as neutral fat is obtained. The non-saponifiable 
portion usually contains the sterol fraction. These values are 
sho-vm in table 4. 


TABLE 4 


Analysis of bacterial lipids. Total lipid, non-saponifiable matter and neutral fat 
fatty acids based on dry weight 


ORQAKI8U 

CALCULATED AVERAQt 
TOTAL LIPID 

calculated average 

NEUTRAL PAT FATTT 
ACIDS 

1 

NON‘9APONinABIB 

MATTER* 

214 

7.36 

1.57 

1.43 

214PA5 

7.91 

0.43 

1.82 

225 

4.45 

0.00 

0.38 

229B 

5.27 

0.00 

0.23 

234 

6.88 

1.68 

0.72 

239-1 

4.66 

0.00 

0.31 

248-1 

6.44 

1.14 

0.41 

300-1 

5.44 

0.17 

0.40 

657 

5.36 

0.56 

0.40 


* Based on one determination only. 


The total lipid in these organisms varies from approximately 
4.5 to 8.0 per cent, these variations sho'mng no correlation with 
the species or type. The amount of neutral-fat fatty acids also 
sho-ws uncorrelated variations and ranges from zero to almost 
2 per cent. The apparent lack of neutral-fat fatty acids in some 
cases indicates that the only fatty acids present are in the phos- 
pholipid. 

The non-saponifiable portion of the lipid represents, for the 
most part, a very small fraction. Only strain 214 and its sub- 
strain 214PA5 show appreciable amounts. Just what this non- 
saponifiable portion represents is not known, since the amount 
available was not sufficient to permit further tests to be made 
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upon it. Ordinarily this portion would represent the sterol 
fraction of the total lipid from blood, tissues, etc., but the organ- 
isms investigated contained no measurable amounts of any sterol. 

Phosphorus and nitrogen in the phospholipid. To determine 
whether the phospholipids of the enteric bacilli are similar to 
those commonly found in animal and plant tissues, phosphorus 
and nitrogen determinations were made. Such analyses indicate 
the type of phospholipid concerned. The amount of phosphorus 
in ordinary lecithin and cephalin ranges from 3.75 to 4.25 per 
cent, depending upon the kind of fatty acid present in the mole- 
cule, while the nitrogen content ranges from 1.72 to 1.92 per 

TABLE 6 


Analysis of bacterial phospholipids. Phospholipid phosphorus and nitrogen 


onaAifisu 

AVERAGE PER CElfT OF PBOBPHOLIPID i 

ATOMIC PHOSPHOnUS- 
NITBOOEN RATIO 

Phosphorous 

Nitrogen 

214 

4.40 

0.00 

1:0 

214PA5 

2.77 

1.84 

1:1.3 

225 

3.41 

2.89 

1:1.8 

229B 

3.41 

1.66 

1:1.1 

234 

3.11 

2.03 

1:1.5 

239-1 

4.66 

1.28 

1:0.5 

248-1 

3.51 

1.74 

1:1.1 

300-1 

3.45 

2.33 

1:1.5 

657 

3.68 

1.40 

1:0.9 


cent. Chibnall and Channon (1927) described another type of 
phospholipid present in the leaves of the cabbage plant, and 
named it phosphatidic acid. It differs from the ordinary phos- 
pholipid in that it contains no nitrogen base, calcium or mag- 
nesium replacing this substance in the molecule. The percentage 
of phosphorus and nitrogen and the ratio of one to the other, 
therefore, aid in interpreting the tj^ie of phospholipid present. 

The results of the analyses for phosphorus and nitrogen in the 
phospholipids of the bacteria are presented in table 5, The 
amount of phosphorus in the phospholipid is low, except for 
strains 214 and 239-1, in which it is higher than normal. The 
nitrogen values vary within the group some being higher than 
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usual and others lower. The results obtained with strain 214 
are interesting since it is the only one that gave no yield of 
nitrogen in the phospholipid. When nitrogen is lacking, the 
percentage of phosphorus in the molecule is higher. The value 
for phosphorus in strain 214 agrees with this. A phosphatidic 
acid containing calciiun in the molecule would theoretically have 
4.48 per cent of phosphorus and no nitrogen. The phosphorus 
and nitrogen values of strain 214 coincide with those of such a 
phosphatidic acid. The phosphorus value for strain 239-1 is 
high, but the nitrogen content is normal, hence a phosphatidic 
acid is probably absent or is present only in small amounts. 

The atomic ratio of phosphorus to nitrogen, with the exception 
of cultures 214 and 239-1, is approximately 1:1. Most of the 
values are slightly higher than this, probably because of some 
extraneous nitrogen. It has been found by MacLachlan (1935) 
and others that unless the phospholipid is carefully purified by 
dissolving it in water and precipitating it with acetone, the per 
cent of nitrogen will always be higher than the calculated theo- 
retical values. Since there is a considerable loss of phospholipid 
in this procedure, the amounts of phosphoUpid available for 
the present study did not warrant its use. Nevertheless, the 
evidence is fairly conclusive that the phospholipids found in 
these organisms resemble those of animal and plant tissues 
with respect to the content of nitrogen and phosphorus. 

No evidence of cholesterol or any other sterol in the lipids of 
the bacteria was found, i.e., it was calculated to be present in 
amoimts less than 0.3 per cent of the dry weight of the bacteria. 

DISCUSSION 

Although the total lipid of certain enteric bacilli is approxi- 
mately what one might expect with other organisms, these 
bacteria are peculiar in two respects. First, the greatest portion 
of the total lipid is phospholipid. The significance of this finding 
is not clear. Possibly the phosphorus metabolism of the organ- 
isms is linked with the lipid metabolism, but to date there is 
no evidence to support such a view. In fact, the reports in the 
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literature seem to indicate that the phosphorus in the phospho- 
lipid represents only a small fraction of the total phosphorus 
in the bacterial cell. The second peculiarity is the absence of 
sterol. This absence has been observed in the acid-fast bacilli 
by Anderson et al. (1935). These compounds are apparently 
not synthesized in the organism in detectable amounts or they 
are rapidly broken down and thus are not detectable because 
they are not stored in the organism. 

The differences between strains 214 and 214PA5 offer an 
interesting problem since the only difference between these two 
organisms is that the latter was grown for several serial passages 
on lithium-chloride agar. The analyses of these two cultures 
agreed quite well with respect to the total fatty acid content, 
but there was no agreement in the iodine numbers of their 
fatty acids. Of all the strains studied, the 214PA5 strain had 
the highest phospholipid content. Again, the iodine numbers 
of the phospholipid from the substrain 214PA5 and the parent 
strain 214 did not agree. The same situation existed in the 
case of the phospholipid fatty acids and the corresponding 
iodine numbers. The neutral fat fatty acids were much higher 
in strain 214 than in 214PA5. The most striking difference 
which occurred, however, was in the nitrogen content of the 
phospholipid of these strains. Whereas 214PA5 had a normal 
complement of nitrogen in the phospholipid, 214, the parent 
strain, had a phospholipid which was nitrogen free. It hardly 
seems reasonable that the serial passage on lithium-chloride 
agar could have induced such marked differences in the metab- 
olism of the organisms, particularly when one realizes that this 
strain had been serially transferred on plain agar for over a 
year. 


SUMMAKT 

1. An analysis of the lipids of nine strains of enteric bacilli 
has been made. The total lipid content of the organisms varied 
from 4.3 to 7.9 per cent of the dry weight. No cholesterol or 
other sterols were found. 
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2. The total fatty acid content varied from 2.5 to 4.6 per 
cent of the dried bacteria. The iodine numbers were low, 
varying from 42 to 82. 

3. Phosphohpids constituted the major portion of the total 
lipids. With one exception they represented about 60 per cent 
of the total lipid. 

4. The fatty acid in the phospholipid molecule ranged from 
63 to 73 per cent. As indicated by their iodine numbers, the 
fatty acids were not all alike. 

5. The content of phosphorus and nitrogen of the phospho- 
lipid was normal, with the exception of a single strain which 
showed evidence of a phosphatidic acid in place of a phospholipid. 
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The present study aims to define the taxonomic position of that 
group of dysentery bacteria commonly known as Shigella para- 
dysenteriae, var. sonnei (Bergey, 1934). Most of the material 
on which this work is based has been recently isolated in this 
laboratory but a number of type strains of the species from The 
National Collection of T 3 rpe Cultures in London, England, have 
been included for comparison. Also included for comparative 
purposes, are a number of strains of closely related members of 
the Genus Shigella which are mannitol-fermenters; namely, the 
groups known as Flexner, Dispar and Alkalescens. 

OKIGIN OF BTBAINS 

A total of eighty-eight strains were studied. These included: 

42 strains of Shigella sonnei isolated in this laboratory either 
within three months of the initiation of this work or while the 
work was in progress. All of these strains were recovered from 
the stools of patients with intestinal complaints; 

12 strains of Shigella sonnei obtained from the National Type 
Collection at the Lister Institute, London; 

2 strains of Shigella alkalescens obtained from Professor E. G. 
D. Murray both of which were original strains described by Sir 
Frederick Andrewes (1918) ; 

3 strains of Shigella dispar isolated in this laboratory; 

8 type strains of Shigella dispar obtained from the National 
Collection of Type Cultures at the Lister Institute, London. 

4 strains of Shigella dispar obtained from Professor Murray 
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and ori^ally described by him (1918) as his Class 4. At that 
time he identified them as the type described by Kruse (1907) as 
Type E, although he states (p. 387) “Class 4 is certainly equiv- 
alent to Kruse E . . . . The strains comprising Class 4 (I{ruse E) 
would fall into the group comprised by Andrewes’ B. dispar." 
Kruse E is at present generally held to be the same as Shigella 
sonnet (Gardner (1929) Gay (1935)). 

5 strains of Shigella paradysenteriae (flexner) obtained from 
Professor Mvuray, representing the types V, W, X, Y and Z of 
Andrewes and Inman (1919) each of which is described in their 
monograph. 

A. CULTURAL PROPERTIES 
1. Colony form 

The colony form was studied on plain agar, on Chandelier and 
on MacConkey plates. In general the Sonne strains produce 
colonies which are slightly larger, more granular and more opaque 
than those of the Flexner, Alkalescens and Dispar strains. All 
plates were kept in a moist jar for three weeks at 37°C. 

a. Shigella sonnei colony. On original isolation all strains 
showed a uniform colony. At twenty-four hours incubation 
they were rather flat, slightly granular and opaque, about 3 to 
4 mm. in diameter, with a smooth raised central zone grading out 
to a thin slightly irregular edge. The whole colony was lactose- 
negative. The colonies continued to increase in size and to 
spread peripherally until discarded and have reached three cen- 
timeters in diameter. 

On further incubation, secondary colonies or papillae appeared 
on the surface of most, but not all, of the original colonies. 
These papillae, or daughter colonies, consisted of raised, smooth, 
entire, rounded outgrowths on the surface which, soon after their 
appearance, caused the medium immediately beneath them to 
show the lactose-positive change. These daughter colonies were 
usually 1 to 2 mm. in diameter within forty-eight hours after 
their appearance; some continued to increase in size while others 
did not. The length of time required for these papillae to appear 
varied from strain to strain but could be correlated roughly with 
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the time required for the individual strain to ferment lactose in 
peptone water medium. 

Only one strain (out of fifty-four) failed to show secondary 
colonies. In this strain the centre of the colony became pro- 
gressively more heaped up and irregular and eventually the entire 
colony went lactose-positive. Repeated platings of this strain 
failed to change its behavior. 

Attempts were made to get these secondary papillae to breed 
true by carefully fishing them from the parent colony and re- 
plating through 10 to 12 generations. Each generation began as 
a lactose-negative colony upon which lactose-positive papillae 
appeared at about the same interval as on original isolation. 
The twelfth generation did not differ from the first generation 
even on a percentage basis. Similarly, the few original primary 
colonies which showed no lactose-positive papillae (although 
most other colonies of these same strains on the original plate 
did show numerous papillae) were replated up to twenty genera- 
tions, alternating solid and fluid media, without changing the 
general appearance of any generation. The colonies always 
started as lactose-negative and most of them later developed 
lactose-positive papillae. 

A second colony form appeared on plating out from older 
cultures or from cultures grown in 1:10,000 BriUiant-Green 
Peptone Water. This is a flat, entire colony with a bevelled 
edge, not granular and with a moist shiny smface, smaller than 
the ordinary colony, increasing little in size with further incuba- 
tion and not developing papillae. These colonies do not breed 
true. 

The two colony types gave identical fermentation reactions. 

b. Shigella dispar colony. These strains showed colonies in 
every way similar to the granular type of the Sonnei colonies — 
including the formation of small, smooth secondary papillae 
which became lactose-positive. 

c. Shigella alkalescens colony. These strains showed a some- 
what smoother granular type of colony and they also later 
developed secondary papillae. These secondary papillae, how- 
ever, always remained consistently lactose-negative. 
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d. Shigella paradysenteriae (Flexner’s bacillus). Secondarj' 
papillae were less frequently encountered in the Flexner tjpe. 
When they did appear they also remained consistently lactose- 
negative. The Flexner colony, in general, was the smoothest 
of all. 


2. Microscopic appearance 

Smears from the various colonies showed approximately the 
same morphology; all were gram-negative rods. The only differ- 
ence noted was that the old strains seemed to contain more 
filamentous forms than freshly isolated strains. 

S. Motility 

Motility was checked on all strains by observing hanging drop 
preparations on eight- and on eighteen-hour cultures in beef- 
infusion broth at room temperature and at 37°C. In addition, 
each strain was tested for migration through semisolid agar at 
room temperature and at 37°C. All strains were uniformly 
non-motile. 


4 . Biochemical reactions 

The reactions shown in table 1 were found to be the most 
useful in separating the groups. The sugar media consisted of 
1 per cent of sugar in 1 per cent peptone water with Andrade 
indicator. The tubes were kept at 37°C. for sixty days. At 
first, two methods of controlling evaporation were used: either 
keeping the tubes filled to a mark with sterile distilled water, or 
waxing the cotton stoppers with paraffin. After twenty-three 
strains had shown identical results by both methods, the waxed 
plug method was adopted for the rest of the work in order to 
avoid the occasional contamination. 

The litmus milk was kept in a tube with a waxed plug. 

Indole was tested for by treating two-day and five-day growths 
in 1 per cent peptone water with Ehrlich’s reagents. 

Some of the type strains were put through the full examination 
only once, but most of the recently isolated strains were re- 
examined and the tests were repeated for all strains which showed 
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results not conforming with the general results. In these repeat 
tests, the only difference found was that two strains which failed 
to ferment lactose in the first sixty-day trial, did ferment lactose 
on retest in 27 and 32 days respectively. 

As shown in table 1, both Shigella sonnet and Shigella dispar 
are sharply distinguished from Shigella alkalescens and Shigella 
parody senteriae (flexner), and, incidentally, from all other Shigella, 
in the late fermentation of lactose. The Sonne group may be 

TABLE 1 


The 7nost useful reactions for separating the mannitol-fermenting groups of 

dysentery bacteria 


CLASSIFI- 

CATION 

1 ^ 

1 o o 

e ^ 
H< 

! 5 ts 

00 , H 

1 P® 

1 » 

1 

B 

1 <0 
o 

' CJ 

P 

, 

' o 

H 

09 

O 

u 

p 

09 

LACTOSE 

MANNITOL 

B 

m 

o 

z 

s 

< 

a 

es 

n 

CD 

o 

K 

SORBITOL 

1. 

1 O 

i 

Q 

H 

>3 

O 

a 

z 

LITMUS MILK 

Sonne 

54 

A 

A 

4-32 

days 

A 

2-32, 

days. 

A 

1 

A 

0 

Very ; 
rare- 
ly A 

0 

0 

0 

1 

1 

Neutral to A 
about 2 days 
after Lactose 

Dispar 

15 

A 

A 

2-19 

days 

A 

1-6 

days; 

A 

A 

A 

A 

0 

+ 

Neutral to A 
about 2 to 8 
days 

Alkales- 

cens 

14 

A 

1 

0 

0 

A 

A 

3-17 

days 

A 1 

1 

A 

1 

+ i 

i 

Neutral to very 
alkaline 3 to 
10 days 

Flexner 

Com- 

piled 

A 

var. 

0 

A 

var.l 

0 1 

i 

var. 

0 

var. 

i 

var., A changing 
to alkaline 


All strains non-motile, gelatin negative, salicin negative. 

A = acid;0 = no change during 60 days incubation ; var. = variable, depending 
on the particular strain tested. 


separated from the dispar group since the latter ferment xylose 
and sorbitol and produce indole. 

Shigella alkalescens stands distinctly apart from the others in 
the production of alkahnity in litmus milk, a feature of diagnostic 
significance, with the fermentation of dulcitol. 

The reactions of the Flexner group are not based on the five 
strains used in this study alone, but compiled from the literature 
as well as our own experience with other Flexner strains in the 
past. 
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In the fermentation of mannitol, all of these groups are related. 
As Murray (1918), Andrewes and Inman (1919), and Gardner 
(1929) point out, this is the one important fermentable substance 
of taxonomic value which has stood the test of time. 

It is apparent from the data given in table I that complete 
identification of Shigella sonnet by cultural tests alone cannot be 
made within a time short enough to be of clinical value. The 
distinguishing changes in lactose and litmus milk often take two 
or three weeks to develop. Thus, for rapid diagnosis any man- 
nitol-fermenting dysentery organism must be subjected to 
serological tests. 


B, ANTIGENIC PROPERTIES 

The serological properties of the groups were studied by the 
use of agglutination, agglutinogenic power and the agglutinin 
absorption reaction. 


Methods 

From an original plate the smoothest colony was selected and 
large agar plates inoculated. Incubation was for eighteen hours 
in order to avoid the occurrence of secondary papillae (lactose- 
positive variants) which, in our experience, never appeared under 
forty-eight hours. The growth was scraped from the surface of 
the plate with a spade and suspended in 0.85 per cent NaCl to 
which 0.3 per cent of formalin was added. Such suspensions 
remained stable, having no tendency to sediment spontaneously 
as “rough” strains would be expected to do. They were stand- 
ardized by comparison with standard opacity tubes by Brown’s 
method. 

Rabbits were immunized by the intravenous injection of 500 
million, 1000 million and 2000 million formalized bacteria on 
the first, sixth and eleventh days respectively. The animals 
were bled on the seventeenth day and the serum obtained 
usually reached a titre of between 5,000 and 40,000. 

For agglutination tests, the antigen suspensions were stand- 
ardized to a final concentration of 400 million bacteria in each 
tube, the total volume of fluid being 2.0 cc. The range of serum 
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dilutions in each test was from 1 in 40 to 1 in 80,000. Lower 
dilutions were avoided because experience had shown that normal 
rabbit serum often agglutinated various dysentery bacteria in 
lower dilution but that the titre rarely exceeded 1 in 40. The 
end-point selected in each test was the greatest dilution of serum 
which gave complete agglutination and a clear supernatant fluid 
after twenty-four hours incubation at 37°C. 

For agglutinin absorption tests the antigens were standardized 
to a final concentration of 135,000 million bacteria per cc. of 
undiluted serum. Absorptions were done in a final 1-in-lO 
dilution of serum in a total volume of 10 cc; incubated for 5 
hours at 37°C.; then left in the ice box overnight before centri- 
fuging. The absorbed serum was then tested not only against 
the homologous strain but also against several others. 

At the beginning of this study an agglutinating serum was 
prepared in rabbits for all of the strains available at that time. 
Twenty-seven serums in all were prepared against twenty-seven 
different strains. Of these, 14 were S. sonnei, 5 were S. para- 
dysenteriae (flexner), 4 were S. alkalescens and 4 were S. dispar. 
Later, additional strains were added to the series, so that our 
results are finally based on tests involving twenty-seven serums 
and eighty-eight strains, 54 of these strains were finally classi- 
fied as S. sonnei, 14 as S. alkalescens, 15 as S. dispar and 5 were 
type strains of S. paradysenteriae (flexner). 

Table 2 shows the result of cross agglutinations between 14 
serums and 22 strains of S. sonnei. 

The existence of two groups seems indicated by the table; 
neglecting, for the moment, differences in agglutinability of 
strains — a factor not controlled in this type of experiment but 
capable of being checked by absorption tests. 

The first group included 13 strains isolated in this laboratory 
and 3 National Type Collection strains. Nine other National 
Type Collection strains as well as 17 other strains isolated in this 
laboratory are not listed in the table but have been shown to fall 
into this group. Each strain is agglutinated to full titer by a 
serum produced from any other strain. This result is in agree- 
ment with that of many previous investigators who contend that 
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the sonnei group is antigenically homogeneous, (Kruse (1907), 
Hilgers (1920), Fraser, Kinlock & Smith (1926), Kerrin (1928)’ 
Nelson (1930) and Koser, Reiter, Bortniker and Swingle (1932))’ 

TABLE 2 

Cross agglulinalions of 22 strains of Shigella sonnei with rabbit agglutinating scrums 
prepared from I4 of these strains 


AKTISEDUM 


ANTIOBN 

Nat. typo eol. 2318 

Nat. typo col. 2182 

Nat. typo col. 268 

0» 

O 

PQ 

CMH083 

CJIH2I8 

B314 

CMH212 

CMH207 

CMH232 

to 

N 

n 

< 

.1 

B637 

D217 

c» 

s 

Nat. type col. 2318 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Nat. type col. 2182 

10 

10 

10 

10 

■u 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Nat. type col. 268 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

B593 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

C1MH683 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Chffl218 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

B314 

10 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

CMH212 

10 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

CMH207 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

CMH232 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

A3252 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

B637 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

CMH8122-b 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

CMH8187-lb 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

CAffl8187-2a 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

CMH8222-lb 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

B217 

5 

m 

2 

4 

2 

3 

2 

2 

2 

2 

3 

2 

10 

10 

B597 

4 

2 

2 

4 

2 

3 

2 

2 

2 

2 

3 

2 

10 

10 

Chffl8122-a 

5 

2 

3 

3 

2 

3 

3 

2 

2 

3 

3 

2 

10 

10 

CMH8187-la 

3 


2 

4 

3 

2 

2 

2 

2 

2 

2 

2 

10 

10 

CMH8207 

2 


2 

2 

3 

2 

2 

2 

2 

2 

2 

2 

2 ! 

10| 

10 

CjMH8222-la 

5 

31 

2 

4 

2 

3 

2 

2 

2| 

2 

3 

10 


Numbers refer to the end point tube (complete agglutination) in a scries 
where 10 represents the titre for the homologous strain. 


though others (Sonne (1915), Murakami (1927), Leuchs and 
Plockmann (1927)) suggest the existence of two serological va- 
rieties. Since it is apparently the most common type of the 
sonnei organism isolated, w'e propose calling this group Shtgella 
sonnei, Type I. 
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The second group includes 6 strains isolated in this laboratory. 
An additional 6 strains, also isolated here but not listed in the 
table, fall into this group as well. These strains are agglutinated 
to not more than a small fraction of the titre by any serum of 
Type I. However, a serum prepared from two of these strains, 
B217 and B597, will agglutinate all strains of both types to full 
titre. Since this group is less commonly found than the former 
we propose calling it Shigella sonnei, Tj^je II. It should be 
recorded that this Type II is probably more distinctive of the 
species Shigella sonnei than Type I as judged by taxonomic 
standards — a point which wiU be further supported by later 
evidence. 

In order to check these results and to control the factor of 
variation in agglutinability of strains, absorption tests were 
carried out. 

Table 3 shows the result of some of these absorptions. The 
table is condensed from a large series of absorptions in which the 
results illustrated were characteristic of the entire series. 

These absorptions confirm the results of straight agglutination 
tests as to the existence of two types of Shigella sonnei. They 
also warrant additional statements regarding the antigenic 
structure of the two types. 

Type II evidently contains both Type I and Type II antigens 
in considerable amounts because, not only will its serum agglu- 
tinate both t 3 rpes to full titre, but it will itself completely absorb 
the agglutinins from serum of both types. 

Type I, on the other hand, apparently contains the Type I 
antigen in predominance, with a relatively small amount of 
Type II antigen, since its serum will agglutinate Type II to 
only a fraction of its titre, and it will absorb not more than 50 
to 75 per cent of the agglutinins from a Type II serum. 

The question might arise whether we are dealing here with 
a smooth-rough t 3 p)e of variation such as Johnston and Kaake 
(1932) concluded was the explanation of the two types described 
by Johnston and Brown (1930). In its original definition the 
smooth-rough variation was related to differences in colony form, 
kind of growth in broth and salt sensitiveness and more recently 
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to loss of an antigenic component. Although the Sonne colony 
is never quite as smooth as the Flexner colonj'^ even on primary 
isolation it grows with uniform turbidity in broth, does not 
sediment spontaneously in saline and the two colony forms we 
describe are not related to the immunological types by agglu- 
tination. 


TABLE 3 


Reciprocal absorptions between two Type I strains of Shigella sonnei (nat. type col. 
SS18 and B59S) and two Type II strains (BSi7 and BS97) 






TITBE rOR 
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0 

100 
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0 

100 
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B593 
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640 
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B593 
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80 

99 
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B217 


5,120 

0 

100 


N.T.C.2318 

B597 

1 : 

5,120 

0 

100 


B593 
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1 

EUHIIIII 

1,280 

96 
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B693 

B597 
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640 

99 

absorptions 

B217 

N.T.C.2318 

1 1 


1,280 

SO 


B217 

B593 

1 1 SwI 


1,280 

50 


B597 

N.T.C.2318 

1 • 

KBii! 

640 

75 


B597 

B593 

il jB 

2,500 

1,280 

50 

Homologousab- f 

B217 

B597 




100 

sorptions Type II \ 

B597 

B217 

135,000) 

2,500) 


100 


Referring to the clinical records we find that in some instances 
different colonies of the same original stool plate fall into different 
serological types. Thus, in case CMH 8122, colony a is T3T® 
while colony b is T 3 q)e I. In case CMH 8187, colony la is Type 
II while colonies lb and Sa are Type I. In case CMH 8222 
colony Ja is Type II while colony is Type I. These observa- 
tions might suggest that we are dealing with a diphasic variation 
which has hitherto been considered to apply only to flagellated 
species of bacteria. (See however, Takita (1937).) 
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Our data at present do not permit a decision on these points 
and to pursue them further would unnecessarily prolong this 
paper and would deviate from our original purpose. 

Tentatively, we suggest that Shigella sonnei contains two pre- 
dominant antigens which we call Type I and Tj^ie H. The 
Type II is the more distinctive Sonne bacillus in that it contains 
a considerable amount of both antigens while the Type I seems 
to lack some antigen present in Type II. In other words, an 
anti-Type II serum will agglutinate all types of Sonne strains 
that we have encountered but an anti-Type I serum will fail to 
agglutinate some of them except in fractions of the serum titre. 

Having determined the major antigens in Shigella sonnei we 
next studied the minor antigens which relate it to the other 
mannitol-fermenting groups of dysentery bacteria. 

Table 4 is condensed from a larger series to illustrate these 
relationships. 

It is apparent from this table that Shigella dispar is itself 
antigenically heterogeneous; this confirms the observations of 
Forsyth (1933) and of Watanabe (1935). The Flexner antigens 
(Shigella paradysenteriae) are omitted from the table since it is 
well known that they are heterogeneous. Shigella alkalescens 
appears to be homogeneous and it may be remarked that 10 
additional strains not listed in the table were also agglutinated 
to full titre by the four Alkalescens serums. 

The Sonne Type I antigen is agglutinated to a slight extent 
by Flexner, Alkalescens and Dispar serums. It is a curious fact 
that, in a larger series comprising 42 strains of Sonne, every one 
showed some agglutination with Flexner V, W, X and Z serums 
but uniformly failed to be agglutinated by a Flexner Y serum. 
In contrast to this the Alkalescens antigens were uniformly 
agglutinated by V, W, X and Y serums and failed to be agglu- 
tinated by a Flexner Z serum. 

The Sonne Type II antigens showed less obvious relation to 
either Flexner, Alkalescens or Dispar. Of the two antigens il- 
lustrated, B597 appears to be the more nearly a pure Shigella 
sonnei antigen in that it fails to react with any of these serums 
while B217 reacts with both Flexner Z and Alkalescens serums — a 
property of this strain not disclosed by any of our previous tests. 



TABLE 4 

Cross agglulinalion of reprcsenlalive strains of Shigella sonnei Type I and Type II, Shigella alkalescens and Shigella 
dispar with Flexner, Alkalescens, Dispar and Sonne serums 
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The results of table 4 again confirm our views that the Type II 
Sonne bacillus is the more typical of the species in that its antigens 
are more redominantly Shigella sonnei in character. If it con- 
tains the antigens common to the Flexner, Alkalescens and 
Dispar groups, these are not brought into evidence by this tyT>e 
of test. 

Reciprocal absorption tests failed to add to the information 
given in table 4. 


DISCUSSION 

If the dysentery group as a whole be divided primarily on a 
basis of mannitol fermentation we find that the non-mannitol- 
fermenters, Shigella dysenteriae, Shigella ambigua, (Schmitz 
bacillus) stand sharply apart from the others by reason of a num- 
ber of properties; cultural, antigenic and pathogenic. The next 
subdivision, among the mannitol fermenters themselves, is not 
so clear cut and overlappmg occurs in many of the properties of 
each species. The most striking and most reliable feature which 
can be used to separate the Sonnei-Dispar group from the Flexner 
group is the fermentation of lactose, but this may be delayed as 
long as three or four weeks. Because the individual strains of 
the Flexner group are so variable in themselves it is impossible 
to distinguish between Flexner and Sonne or Dispar on cultural 
grounds alone until sufficient time has been allowed for the fer- 
mentation of lactose. Serologically also, enough overlappmg 
occurs to require a complete series of agglutinations to the full 
titer of the serum before reliance can be placed on this type of 
information. 

It is, of course, just this similarity of properties among the 
mannitol-fermenting dysentery organisms that justifies con- 
sidering them more closely related to one another than is the 
relationship of any one of them to either Shiga or Schmitz. 

We believe that Alkalescens belongs in the mannitol-fermenting 
group of dysentery organisms in spite of its indefinite patho- 
genicity. From a taxonomic viewpoint, pathogenicity must 
be regarded as only one of the properties of a species, not neces- 
sarily more important per se than a combination of other proper- 
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ties. For similar reasons we have excluded from our study such 
species as have been described under the name of “Coli Anaero- 
genes.” On closer examination some of these strains are either 
true Sonne or Dispar or they produce small quantities of gas, 
often late, and thus appear to be more nearly related to the 
Escherichiae (Coli-Aerogenes group) than to the dysentery group. 
(Topley and Wilson 1936)). 

The occurrence of secondary papillae on colonies is not confined 
to members of the Genus Shigella; it is occasionally found also 
among other genera in Eberihella and Salmonella. But in the 
Genus Shigella it reaches a marked development. Less com- 
monly seen in the Shiga and Schmitz species, it becomes more 
frequent in the Flexner and Alkalescens species and is the rule 
rather than the exception in Sonne and Dispar. So much is this 
so, that the phenomenon of late lactose fermentation in Sonne 
and Dispar seems dependent on the production of these papillae. 
They are, in fact, variants of the original strains with new fer- 
menting powers. We have consistently failed to get the variants 
to breed true; they also revert to the lactose-negative state on 
fresh media and the fermentation of this sugar occurs only in 
ageing cultures. The failure to secure a pure culture of lactose- 
positive Sonne has prevented our using it for antigenic analysis. 

While we feel certain of the presence of at least two major 
antigens in Shigella sonnei, we fine no indication that they are 
associated with a rough-smooth variation. If “roughness” be 
defined as a rough colony which does not remain in suspension in 
the presence of electrolytes, these antigens are both smooth 
antigens. If, on the other hand, “roughness” is defined as the 
quantitative loss of some antigenic component, we find that our 
Type II possesses an antigenic component not present in our 
Type I ; but both serological types are independent of the varia- 
tion observed in colony form. We have not investigated the 
possibility of a diphasic variation. 

From the standpoint of practical diagnosis only the Type II 
antibody can be relied on to detect all strains of Shigella sonnei] 
the Type II antibody will agglutinate all strains to full litre 
while the Type I antibody wdll agglutinate only the Type I 
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antigen to full titre and the type II antigen to a fraction of its 
titer. 

The minor antigens of Shigella sonnei which show cross re- 
actions with Shigella paradysenteriae, Shigella alkalescens and 
Shigella dispar again emphasize the close taxonomic relationship 
of these four species. It is interesting that T 3 rpe II, which is 
regarded as the more distinctive, shows fewer cross reactions with 
the other three than does Type I. 

We have searched for, and failed to find, any cultural or bio- 
chemical property by which Type I strains might be distinguished 
from Type II strains. All of our T 5 ^e II strains have been re- 
cent isolations but an even greater number of recent strains be- 
long to Type I. Indeed, both tj^es have occurred at the same 
time on the same original plate from the same stool specimen. 

SUMMARY AND CONCLUSIONS 

1. Shigella sonnei is closely related culturally and antigenically 
to three other members of the mannitol-fermenting species of 
dysentery organisms; namely the Shigella paradysenteriae (Flex- 
ner’s bacillus), Shigella alkalescens and Shigella dispar. 

2. The most outstanding distinguishing property of Shigella 
sonnei, the late fermentation of lactose, is due to the appearance 
in ageing cultures of variants with new fermenting powers. 
These variants are seen in the original colony as secondary papil- 
lae arising directly from the mother colony only after the colony 
has aged. 

3. These variants are not permanent. When transferred to 
fresh medium, they immediately revert to the lactose-negative 
state and, eventually, these transfers in turn produce lactose 
positive variants. This succession of events may be continued 
indefinitely. 

4. At least two major antigens are present in Shigella sonnei 
both of which are present in all strains but to varying degrees. 
Shigella sonnei Type II is the more representative type since 
both antigens are abundantly represented in it; but it is least 
frequently encountered. Shigella sonnei T 3 qje I is most fre- 
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quently found and contains mainly Type I antigen with a rela- 
tively small amoimt of Type II antigen. 

5. Minor antigens in Shigella sonnet are common to Shigella 
dispar, Shigella alkalescens, Shigella paradysenteriae. 

6. On a basis of cultural and antigenic properties the Sonne 
group differs sufficiently from the closely related Flexner, Dispar 
and Alkalescens groups to warrant recognition as a separate 
species of the Genus Shigella rather than as a variant of Shigella 
paradysenteriae. This confirms the species Shigella sonnei 
(Weldin). 
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It is generally accepted that the first step that takes place in 
the lysis of bacteria by a bacteriophage consists in the absorption 
of the bacteriophage particle to the surface of the organism, and 
that organisms that are phage-resistant will not absorb bacte- 
riophage. Exceptions to this principle, namely where a non- 
susceptible organism is capable of binding phage to a high degree, 
have been encountered by Levine, Frisch, and Cohen (1934), 
Burnet (1934) ,Rakieten et al. (1936), and Rakieten and Tiffany 
(1938). This preliminary absorption by the bacterial cell is in 
all probability due to some element of the complex antigenic 
structure of the organism. Burnet, in a series of investigations 
dealing with bacteria belonging to the dysentery and salmonella 
groups and their appropriate phages, has shown that a marked 
parallelism exists between antigenic reactions and phage sus- 
ceptibility, and has brought forth evidence pointing to the heat- 
stable somatic or 0-antigen as the fraction which specifically 
absorbs phage. Salmonella strains having a minor 0-antigen 
in common with Salmonella enteritidis showed a degree of sensi- 
tivity to some of the enteritidis phages, whereas this sensitivity 
was, with one exception, lacking among organisms not possessing 
an 0-antigen in common with S. enteritidis (Burnet, 1927; 
Burnet and McKie, 1930; Burnet, 1930, 1932, 1934; Gough and 
Burnet, 1934). Thus, the evidence that the phage-binding por- 
tion of the bacterial cell is linked with that portion of the cell 
that binds the 0-agglutinin appears to be highly convincing. 

If the component of the bacterial cell capable of binding phage 
is the agglutinogen, then, when this antigen is united with spe- 
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cific agglutinin, phage absorption by these cells should be neg- 
ligible, as compared with the degree of positive absorption by 
bacterial cells whose heat-stable surface antigen has been un- 
touched by specific sera. In order to test this hypothesis a 
number of experiments were carried out. The results that were 
obtained confirmed the above hypothesis, namely that there is a 
direct relation between “covering” of agglutinogen and lack of 
absorption of phage. At the same time numerous attempts were 
made to prove that the agglomeration of these cells was not in 
itself the reason for their failure to fix phage. The present re- 
port deals with the experimental data obtained to substantiate 
our conclusions. 

The organisms used were three members of the enterococcus 
group, strains Z-1, Z-11, and E-16. Cultures Z-1 and Z-11 
belong to the species Streptococcus liquefaciens according to Sher- 
man’s classification (Sherman, 1937), and had originally been 
isolated from the blood of patients with sub-acute bacterial 
endocarditis. Strain E-16 was isolated from a case of ulcerative 
cohtis, and was typical of Streptococcus fecalis. These organisms, 
together with other members of the group have been used in a 
previous investigation and are described more completely in a 
communication recently pubhshed (Rakieten and Tiffany, 1938). 

The sera were prepared by repeated intravenous inoculation 
in rabbits of formalin-killed vaccines of the appropriate organ- 
isms and were preserved in 1 : 10,000 merthiolate. Serum 84 was 
prepared against culture Z-1; serum 11 against culture Z-11; 
and serum 87 against strain E-16. All of these cultures were 
related closely serologically, but were not identical as may be 
seen by observing tables la and lb, in which the agglutination 
and agglutinin absorption titers are presented. 

In table la the figures represent the highest dilution at which 
agglutination was unequivocal, although not necessarily com- 
plete. The italic figures represent the titers obtained with ho- 
mologous systems. In table lb the figures showing the titer of 
serum with homologous organism after absorption by an heterol- 
ogous organism are italic. From this last table it is clear 
that there is no complete reciprocal absorption and that no one 
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of the three organisms is serologically identical with another, 
although they do have some degree of antigenic similarity. The 
only system in which there is important absorption of the homol- 
ogous or “major” agglutinin of a serum by a heterologous or- 
ganism is that in which serum 11 is absorbed with culture E-16. 
Strain Z-11 on the other hand leaves untouched the “major” 
agglutinin in serum 87. Thus, these two organisms, Z-11 and 
E-16, while not identical, are more closely related to one another 
than is either to culture Z-1. Such one-sided relationships be- 


TABLE la 

Serum titers for homologous and heterologous organisms before absorption 



fisnuM 84 
(Z-1) 

SERUM 11 

(Z-11) 

SERUM 87 
(E-16) 

Tested vs. strain Z-1 

anno 

mmm 


Tested vs. strain Z-11 


SB60 


Tested vs. strain E-16 

s 2560 

1280 

5000 



TABLE lb 

Relationship of strains as shown by reciprocal absorptions 



SEBVM 84 
(Z-1) 

SEBUM 11 

(Z-ll) 

BEHVM 84 
(Z-1) 

BBHOU 87 
(E-16) 

BBKCU 11 
(Z-11) 

SERUM 87 
{E-16) 

Absorbed with culture 

z -11 

z -1 

E-16 

Z-1 

E-16 

z -11 

Tested vs. strain Z-1 

6000 

80 

mo 

<20 



Tested vs. strain Z-11 

80 

mo 



<40 

320 

Tested vs. strain E-16 



160 

5000 

80 

5000 


tween organisms are known, and are described in some detail 
by Krumwiede, Cooper, and Provost (1925). These authors 
state that “between the two degrees of a complete reciprocal 
reaction and an absence of such reaction, all degrees of partial 
reciprocal reactions may be encountered.” None of these sera 
contained antibodies specific for Lancefield’s Group D strep- 
tococcus. 

The bacteriophage employed is polyvalent for many strains of 
enterococci and was propagated against these cultures many 
times in Savita broth (Rakieten, 1932). This phage is com- 
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pletely absorbed by heat-killed cultures of Z-1, Z-11, and E-IC, 
as well as by watery extracts prepared from these same strains. 
Unless stated otherwise, the suspending medium used in this 
study was Savita broth. 


EXPERIMENTAL 

The method used to demonstrate the blocking effect of iinnuine 
antibodies upon the so-called phage receptors of the bacterial 
cells was as follows. Standard suspensions of cultures which had 
been killed by exposure in sealed ampoules to a temperature of 
70°C. for thirty minutes, were suspended in broth containing 
known dilutions of anti-serum. After an incubation period of 
from one to three hours in a water bath at 37°C., the degree of 
agglutination was determined microscopically; following this, a 
constant volume of bacteriophage was added to each tube and 
the entire series incubated for twenty hours at 35°C. The 
amount of bacteriophage added to each tube was such that, 
providing no absorption took place, a countable number of 
plaques was produced. 0.02 cc. from each tube was then layered 
over a segment of an agar plate that had previously been inoc- 
ulated with a fresh susceptible culture of Z-1. Throughout this 
work culture Z-1 has been used to demonstrate plaque produc- 
tion, since it was found that the results were approximately the 
same regardless of which organism was employed as the indicator. 
The tubes were again checked for evidence of aggluination by fhe 
use of the microscope. Plaque counts were done after an ap- 
propriate incubation of the agar plates. The degree of agglutin- 
ation was thus known and recorded by one of us long before the 
plaque counts were made by the other. Throughout the entire 
study the individual responsible for adding phage and carrying 
the experiment to completion did not know the contents of the 
tubes containing the various mixtures. Proper controls were 
alwaj'S run wdth each new series of experiments. 

Experiment 1. The phage-absorbing power of a heavy suspension of 
organisms in the presence of homologous anti-serum 

Heat killed suspensions of culture Z-1 in broth were set up in a 
series of tubes containing different dilutions of homologous im- 
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mune serum as well as normal rabbit serum. The total volume 
in each tube was 5 cc., the concentration of organisms was four 
billion per cubic centimeter. After a preliminary incubation 
period of three hours, a constant quantity of bacteriophage was 
added to each tube. Following an incubation period of twenty 
hours, the tubes were examined for agglutination and portions 
removed and tested for their ability to produce plaques. Table 
2 illustrates the results obtained. 

The results set forth in this table indicate that the antibodies 
present, while capable of agglutinating the bacteria, did not. 


TABLE 2 


TUBE 

NUMBER 

ORGANISM SUSPENSION 

SERUM DILUTION (BP. ADDED) 

AGGLUTI- 

NATION 

PLAQUE 

COUNT 

1 

Heat killed Z-1 

IS 84, 1:50 

4-1- 

0 

2 

Heat killed Z-1 

IS 84, 1:160 

4-k 

0 

3 

Heat killed Z-1 

IS 84, 1:2000 

± 

0 

4 

Heat killed Z-1 

NRS, 1:50 


0 

5 

Heat killed Z-1 

NRS, 1:160 

— 

0 

6 

Heat killed Z-1 

NRS, 1:2000 

— 

0 

7 

None 

IS 84, 1:50 


cfl 

8 

None 

IS 84, 1:160 


cfl 

9 

None 

IS 84, 1:2000 


cfl 

10 

Heat killed Z-1 

None 


0 

11 

None 

Savita broth. None 


cfl 


IS = immune rabbit serum; NRS = normal rabbit serum; cfl = plaques con- 
fluent (over 500) ; 4+ = complete agglutination, macroscopically, but microscopic 
examination revealed many unagglutinated organisms. 


under the conditions of this experiment, in any way interfere with 
the complete absorption of the added bacteriophage. In this 
heavy suspension, however, microscopic examination revealed 
free and unagglutinated cells in such quantitities that, conceiv- 
ably in the absence of complete coating by the antibodies, they 
alone could be responsible for the fixation of the bacteriophage. 
It is of interest to note that in no instance did any of the dilutions 
of serum inhibit the phage. These findings, which were obtained 
many times in repeating similar experiments, suggest that any 
interference with phage absorption by surface antigen in the 
presence of immune serum might be demonstrable only after a 
careful adjustment of the various elements employed in the test. 
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Experiment 2. The titration of reagents 

An effort was made to determine how far one could dilute the 
standard suspension of bacteria and still get significant absorp- 
tion of the added phage. A heat-killed suspension of culture 
Z-1 (four billion per cubic centimeter) was prepared in the usual 
manner and serial dilutions set up in broth, the final volume 
being 5 cc. Constant quantities of diluted bacteriophage were 
then added and the tubes incubated for twenty hours at 35°C. 
0.02 cc. from each tube was then layered over a segment of an 
agar plate that had previously been streaked with culture Z-1. 


TABLE 3 


TUBE NUMBER 

BUBPENSION (heat-killed Z-1) 4 BILLION PER CC., 
PLUS PHAGE 

PLAQUE COUNT 

1 

Undiluted 

0 

2 

Diluted 1:2 

0 

3 

Diluted 1:4 

0 

4 

Diluted 1:8 

0 

5 

Diluted 1:16 

0 

6 

Diluted 1:32 

0 

7 

Diluted 1:64 

0 

8 

Diluted 1:128 

0 

9 

Diluted 1:256 

4 

10 

Diluted 1:512 

13 

11 

Savita broth 



After incubation the plates were examined for the presence of 
plaques and counted. The results are listed in table 3. 

The turbidity of the suspension decreased uniformly to tubc.s 
8 and 9, in which cloudiness was barely perceptible. Tube 10 in 
any light appeared as clear as the control without organism.s 
(tube 11). Tubes 8, 9 and 10, when examined microscopically 
by hanging drop and smear, showed very few organisms (the 
calculated number of organisms in tube 10 is less than 8,000,000 
per cubic centimeter). These results suggested that in the 
previous experiment (table 2) suspensions far too heavy may 
have been employed, since a suspension having the same density 
and diluted 512 times is still capable of inactivating phage. 

Therefore, in the second part of this experiment a standard 
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suspension of heat-killed culture of Z-1 of nearly the same density 
(3.8 billion per cubic centimeter) was made and serial dilutions 
prepared. To each dilution a constant amount of immune and 
normal rabbit serum was added, and, following an hours incuba- 
tion, 0.1 cc. of bacteriophage was inoculated into each tube. 
After remaining at 35°C. for twenty hours a portion from each 


TABLE 4 


TUBE ItUMBEB 

1 BUBPCNSION 

(heat-killed Z“1) 

1 3.8 BILLION PERCC. 

1 BERUU DILUTION 

1 (bp. added) 

i 1 

AGOLtrriNA- 

TION 

PLAQUE 

COUNT 

1 

Undiluted 

IS 84, 1:50 

+ 

0 

2 

Undiluted 

NRS, 1:50 

± 

0 

3 

Undiluted* 


— 

0 

4 

Diluted 1:4 

IS 84, 1:50 

+ 

1 

5 

Diluted 1:4 

NRS, 1:50 

— 

0 

6 

Diluted 1:4* 


— 

0 

7 

Diluted 1:16 

IS 84, 1:50 


43 

8 

Diluted 1:16 

NRS, 1:50 

— 

0 

^ i 

Diluted 1:16* 1 


— 

9 

10 ' 

Diluted 1:64 ' 

18 84,1:50 


296 

11 

Diluted 1:64 

NRS, 1:60 

— 

6 

12 

Diluted 1:64* 


— 

0 

13 

Diluted 1:128 

IS 84, 1:50 


314 

14 

Diluted 1:128 

NRS, 1:50 

— 

43 

15 

Diluted 1:128* 


- 

0 

16 

Diluted 1:512 

IS 84, 1:50 

— 

380 

17 

Diluted 1:512 

NRS, 1:60 

— 

380 

18 

Diluted 1:512* 

1 

— 

5 

19 

None* 

IS 84, 1:50 


379 

20 

None* 

NRS, 1:50 


450 

21 

None* 

None 


450 


* Broth. 


tube was removed (0.02 cc.) and tested for its ability to produce 
plaques. The results are indicated in table 4. 

With a heavy suspension of organisms (undiluted, to a dilution 
of 1:16) the immune serum in the dilution used is unable to 
affect demonstrably the phage-absorbing power of these cells. 
When the number of bacteria is progressively decreased, and these 
cells are allowed to come in contact with the same dilution of 
immune serum, the surface antigens of these cells do appear to 
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be completely “covered” by the antibodies, for when phage is 
added to these cells there is no significant reduction in corpusc- 
ular count. It is important to note that while, in general, the 
normal rabbit serum has little or no effect on these same cell 
receptors and therefore phage is absorbed, that in certain of the 
bacterial dilutions normal rabbit serum does seem to be able to 
cover surface antigen so that it is not free to absorb bacteriophage, 
(tubes 14 and 17). The normal rabbit serum used showed a 
definite agglutination of culture Z-1 when the serum wms diluted 
1:40, and a slight amount of agglutination in a dilution of 1:80. 
It is quite likely, therefore, with the small number of organisms 
present in tube 17, that the antibody concentration in the 1:50 
dilution of normal serum was not without effect, and combined 
with the surface antigen to such an extent that phage was not 
absorbed. Again, it may be observed that normal or immune 
serum alone, in the dilution used, has no effect on the phage. In 
tubes 1 and 4, where large numbers of organisms were present, the 
agglutinating effect of the serum was marked. In the 1:1C 
dilution of bacteria the clumps of organisms were very small, 
consisting of two or three pairs of cocci, but the great majority 
of bacteria were not agglutinated. Agglutination was doubtful 
in tube 10 (dilution 1:64), and in the dilutions of 1:128, and 
1:512 there were 10-12 organisms per high power field with no 
clumps observed. These observations were made after one hours 
incubation at 37°C. 

The results shown in table 4 may be explained as follows: 
(1) either the antibodies absorbed to the bacterial surface make 
any contact impossible between the bacteriophage and the bacte- 
rial phage receptors, in other words phage absorption is blocked, 
or (2) the aggregation of organisms in clumps so reduces the 
chance of contact between phage particles and bacteria that 
very little is absorbed, leaving a large amount free to produce 
plaques when placed in contact with susceptible bacteria.^ 

We have given considerable attention to the possible role of 
agglutination as being responsible for our results, and^ after 
several e.xperiments were done in which organisms agglutinated 
by lanthanum chloride were found to absorb phage as completely 
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as the unagglutinated controls, we feel certain that the reduced 
phage-absorbing capacity of suspensions of sensitized heat-killed 
organisms is due to a “coating” of surface antigen. Adequate 
evidence that our results are independent of mere mechanical 
clumping is shown in subsequent tables, where almost complete 
absorption of bacteriophage occurs in the presence of marked 
agglutination. 

Experiment 3, The effect of varying dilutions of antiserum on the 
phage-absorbing power of a constant quantity of organisms 

The suspending fluid was a peptone hypotonic saline solution, 
containing 0.1 per cent peptone (Parke-Davis) and 0.1 per cent 
NaCl. The solution was adjusted to pH 7.6 and sterilized in 
the autoclave. A heat-killed standard suspension of culture 
Z-1, diluted 1:32 was distributed in tubes and to these were 
added serial dilutions of homologous immune and normal rabbit 
serum, making a final dilution of organisms 1 : 64, and the indi- 
cated dilutions of serum. The tubes were incubated at 37°C. 
for 3 hours, and kept in the ice box overnight before the phage 
was added. An additional incubation for 20 hours at 35°C. 
.was given, for the phage to come in contact with bacterial 
surface, before portions were removed from each tube and 
layered for plaque counts. Examinations for agglutination were 
made after the first incubation and again just before the phage 
was added. The results are listed in table 5. 

One may observe in table 5 that homologous antibody in a 
dilution of at least 1:80 is able to coat efficiently the surface 
antigen so that when phage is added to this sensitized cell sus- 
pension a significant number of phage corpuscles are left free 
and unabsorbed. Bacterial cells treated with normal rabbit 
serum, on the contrary, are able to absorb the added phage 
completely. One may also note the lack of parallelism between 
the amount of agglutination and the number of phage corpuscles 
left unabsorbed. 

The experiments described so far have been concerned with 
the effect of immune serum on the phage-absorbing power of 
suspensions of homologous organisms. The following experi- 
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ments deal with homologous and heterologous organisms and 
sera. Standard suspensions of cultures of Z-1, Z-11, and E-IG 
were prepared in Savita broth and killed by heating at TOT. 
for 30 minutes. These standards were kept sealed in ampoules 
in the ice-box and appropriate dilutions made as needed, after 
washing once with broth. Sterility controls were always done. 
The organisms in these standard suspensions have retained 
their Gram-positiveness for the duration of this study, with 
little if any evidence of autolysis. 


TABLE 5 


TUBE 

NUMBER 

BCapENSION (heat- 
killed Z-1) 
i BILLION PER CC. 

SERUM DILUTION 

AGGLUTINATION 

PLAQUE 

COUNT 

3 brs. 

18 hra. 

1 

Diluted 1:64 

IS 84, 1:40 

± 

± 

217 

2 

Diluted 1:64 

IS 84, 1:80 

± 

2-f 

203 

3 

Diluted 1:64 

IS 84, 1:640 

2+ 

3+ 

10 

4 

Diluted 1:64 

IS 84, 1:2560 

2+ 

2+ 

4 

5 

Diluted 1:64 

IS 84, 1:5000 

± 


2 

6 

None 

IS 84, 1:40 



230 

7 

None 

IS 84, 1:640 



304 

8 

Diluted 1:64 

NRS, 1:40 

1+ 

1+ 

2 

9 

Diluted 1:64 

NRS, 1:80 

it 

2+ 

0 

10 

Diluted 1:64 

NRS, 1:160 

± 

it 

0 

11 

None 

NRS, 1:40 



230 

12 

None 

NRS, 1:80 



297 

13 

Diluted 1:64 

None 



0 

14 

None 

Peptone-saline. None 



310 


IS = immune serum; NRS = normal rabbit serum. 

Each tube contained a constant quantity of bacteriophage. 


Experiment 4. The effect of various dilutions of homologous and 
heterologous sera ^lpon the phage-binding power 
of a standard suspension of culture Z-11 

A constant dilution of this standard suspension was used 
throughout; all other details with regard to technique follow 
those described in the previous ex-periments. The results are 
set forth in table 6. 

This experiment was repeated with standard suspensions of 
cultures E-16 and Z-1. The results are summarized in tabic 7. 
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Here the figures represent the highest dilution of serum in the 
presence of which 75 per cent or more of the control number of 


TABLE 6 


TUBE 

NUMBER 

SUSPENSION (heat KILLED) 
CULTURE Z-11 

SERUM DILUTION 

(plus DP.) 1 

AOaLUTI- 

NATION 

20 HOURS 

PLAQUE COUNT 

1 

Dilution 1:64 

IS 11, 1:10 

4+ 

300 

2 

Dilution 1:64 

IS 11, 1:40 

3+ 

297 

3 

Dilution 1:64 

IS 11, 1:80 

3+ 

143 

4 

Dilution 1:64 

IS 11, 1:320 

2+ 

30 

5 

Dilution 1:64 

IS 11, 1:640 

1+ 

12 

6 

Dilution 1:64 . 

IS 11, 1:1280 

1+ 

11 

7 

Dilution 1:64 

IS 11, 1:2560 

1+ 

10 

8 

Dilution 1:64 

IS 87, 1:10 

2+ 

300 

9 

Dilution 1:64 

IS 87, 1:40 

2-t- 

300 

10 

Dilution 1:64 

IS 87, 1:80 

3+ 

1 300 

11 

Dilution 1:64 

IS 87, 1:320 

3+ 

I 197 

12 

Dilution 1:64 

IS 87, 1:640 

2+ 

137 

13 

Dilution 1:64 

IS 87, 1:1280 

1+ 

41 

14 

Dilution 1:64 

IS 87, 1:2560 

1+ 

15 

15 

Dilution 1:64 

IS 84, 1:10 

d: 

140 (cont) 

16 

Dilution 1:64 

IS 84, 1:40 

1 + 

230 

17 

Dilution 1:64 

IS 84, 1:80 

2+ 

141 

18 

Dilution 1:64 

IS 84, 1:320 

1+ 

16 

19 

Dilution 1:64 

IS 84, 1:640 

1+ 

6 

20 

Dilution 1:64 

IS 84, 1:1280 

1+ 

9 

21 

Dilution 1:64 

IS 84, 1:2560 

1+ 

7 

22 

Dilution 1:64 

None 


0 

23 

None 

Savita broth 


300 


IS = immune serum; cent = contaminated. 

This series also included control tubes containing serial dilutions of each serum 
without organisms. In each instance the numbers of plaques obtained approxi- 
mated the controls. 


TABLE 7 


The hloching effect of immune serum on homologous and heterologous organisms 


STANDARD SUSPENSION 
DILUTED 1:64 

SERUM 84 (Z-1) 

SERUM 11 (Z-11) 

SERUM 87 (E-16) 

Z-1 

40 

40 

10 

Z-11 

40 

40 

80 

E-16 

10 

40 

80 


phage corpuscles failed to be absorbed by the diluted standard 
suspension. 
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Upon comparison with table 1, these figures show that, as 
one would expect, the ability of a serum to coat the surface of 
an organism, thereby interfering with the absorption of phage, 
is in keeping with its antibody content for that organisrn. It is 
striking that although the maximum agglutinating titer of each 
serum is far higher, the titer for adequate blockade in the pres- 
ence of a 1 : 64 dilution of the standard suspensions that were 
used is in most cases 1 : 40, or 1 ; 80. We would expect that with 
a more dilute suspension of bacteria, a higher dilution of serum 
should be adequate to coat the surface antigens and therefore 
prevent the absorption of bacteriophage. The figures shown in 
table 8, where the organism suspension consisted of a standard 
suspension of culture E'16 diluted 1:256 confirms this. 


TABLE 8 


STANDABD SCaPENsrON DIEUTED 1;256 

BERVM SI (Z-1) 

SEncu 11 (Z-II) 

scKCfU S7 (H-IS) 

Culture E-16 

320 

80 

1280 



As in table 7, the figures represent the highest titer of serum 
in the presence of which 75 per cent or more of the control 
number of phage corpuscles (as represented by plaque count) 
are left unabsorbed by the suspension. The difference between 
the sera is considerably greater in this case and the result with 
serum 11 is quite out of keeping with what one would expect', 
as the serological reactions of these organisms as given in table 1 
show culture Z-11 to be more closely related to culture E-16 
than to culture Z-1. However, one may observe that with a 
higher dilution of bacteria a considerably less amount of homol- 
ogous antiserum efficiently coats the surface antigen and renders 
it non-susceptible to phage. 

Experiment 5. The phage-Uocking effect of serum from which 
the minor agglutinins have been removed hy absorption 

Standard suspensions of heat-killed cultures of Z-1 and 1A\ 
diluted 1:128 were placed in contact with immune serum 11 
(homologous for culture Z-11), from which the group agglutinins 
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for culture Z-1 had been removed by absorption. The incuba- 
tion periods, the examinations for agglutination, and the platings 
for plaque counts were made as in the previous experiments. 
The results are presented in table 9. 

Reference to tables la and 7 respectively, shows that unab- 
sorbed serum 11 agglutinates cultures Z-1 and Z-11 to equal 


TABLE 9 


TUBE 

NUMBER 

HEAT-KILLED SUSPENSION 

1 

SERUM (aBSD.) dilution 
(bp. added) 

AGGLUTINATION 

PLAQUE 

COUNT 

3 bra. 

20 hrs. 

1 

cult. Z-1, 1:128 

IS 11, 1:40 

— 

_ 

0 

2 

cult. Z-1, 1:128 

IS 11, 1:80 

— 

— 

2 

3 

cult. Z-1, 1:128 

IS 11, 1:160 

— 

— 

2 

4 

cult. Z-1, 1:128 

IS 11, 1:320 

— 

— 

1 

5 

cult. Z-1, 1:128 

IS 11, 1:640 

— 

_ 

0 

6 

cult. Z-1, 1:128 

IS 11, 1:1280 

— 

— 

0 

7 

cult. Z-1, 1:128 

IS 11, 1:2560 

— 

— 

2 

8 

cult. Z-1, 1:128 

IS 11, 1:5120 


— 

1 

9 

cult. Z-11, 1:128 

IS 11, 1:40 

— 

1+ 

257 

10 

cult. Z-11, 1:128 

IS 11, 1:80 

- 

2+ 

116 

11 

cult. Z-11, 1:128 

IS 11, 1:160 

— 

3+ 

61 

12 

cult. Z-11, 1:128 

IS 11, 1:320 

— 

3+ 

57 

13 

cult. Z-11, 1:128 

IS 11, 1:640 


3+ 

20 

14 

cult. Z-11, 1:128 

IS 11, 1:1280 

— 

2 + 

12 

15 

cult. Z-11, 1:128 

IS 11, 1:2560 

— 

2 + 

8 

16 

cult. Z-11, 1:128 

IS 11, 1:5120 

— 

1 + 

6 

17 

None 

IS 11, 1:40 



300 

18 

None 

IS 11, 1:80 



300 

19 

None 

IS 11, 1:160 



300 

20 

cult. Z-1, 1:128 

None 



1 

21 

cult. Z-11, 1:128 

None 



0 

22 

None 

Savita broth. None 



300 


titer and that this serum is as effective in blocking phage ab- 
sorption by culture Z-1 as by the homologous organism. The 
present experiment demonstrates that the removal of group 
antibodies for culture Z-1 from this serum makes it powerless to 
affect phage absorption by culture Z-1. The same serum, 
however, still retains its ability to combine with the homologous 
organism, Z-11, and prevents phage absorption. Again one may 
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note the lack of parallelism between the degree of agglutination 
and phage blockade. 

According to Burnet (1934) and Rakieten et al (1936), when 
watery extracts of organisms which have a phage-inactivating 
ability (“PIA”) are placed in association with homologous im- 
mune serum and the resulting precipitate removed, the super- 
natants no longer possess this phage-inactivating ability. In tlie 
following experiment we investigated the phage-absorbing power 
of such a watery extract prepared from one of the strains of 
enterococci before and after the extract had been placed in con- 
tact with immune serum. 

Experiment 6. The effect of immune serum upon the phage-ahsorbing 
capacity of a watery extract of enterococcus 

A watery extract from culture Z-1 was made and placed in 
contact with immune serum 84. An initial dilution of serum of 
1:5 was prepared in saline. One cubic centimeter of extract 
was added to one cubic centimeter of each serum dilution, 
incubated at 44°C. for one hour, and kept in the ice chest over- 
night. A definite prozone occurred in the higher concentrations 
of serum, and in a dilution of 1:80 a visible precipitate resulted. 
Each tube was centrifuged for 15 minutes at high speed and 
1.75 cc. removed without disturbing any of the sediment. These 
constituted the so-called "supernatants.” The same amount of 
saline was then added to each of the so-called “sediments.” 
To all of the tubes in the series 0.05 cc. of diluted bacteriophage 
was added and after incubation for 22 hours at 35°C., 0.02 cc. 
from each tube was layered over susceptible culture Z-1. The 
plates were examined after the usual 20-hour incubation period 
and plaques counted. Table 10 summarizes the results. 

The plaque counts obtained from tubes 1 to 8 ivere estimated, 
all the others were counted. It may be observed from an inspec- 
tion of the results listed in table 10 that dilutions of serum up 
to 1:80 are able to remove all the “PIA” from the supernatant 
and at the same time so coat the precipitinogen with antibody 
that no absorption of phage takes place. In dilutions of seniin 
above 1:80 the sediments absorb more and more phage, i-c., 
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are less completely blocked. These dilutions of serum have been 
used repeatedly and have never in themselves, exerted any 
demonstrable effect on the phage. The findings with this and 
other extracts correspond with those obtained when suspensions 
of organisms were used. 

During the course of this investigation, in several experiments 
distilled water was used as the medium, but we found that 
marked reduction in plaque count occurred, even in the absence 


TABLE 10 


TUBE 

IfUMDEB 

• 

■WATERY EXTRACT 

BEBUU PILUTtOK 

SUPERNATANT OB SEDIMENT 

(plus dp.) 

PLAQUE 

COUNT 

1 

culture Z-1 

IS 84, 1:10 

Supernatant 

300 

2 

culture Z-1 

IS 84, 1:10 

Sediment 

300 

3 

culture Z-1 

IS 84, 1:20 

Supernatant 

300 

4 

culture Z-1 

IS 84, 1:20 

Sediment 

300 

5 

culture Z-1 

IS 84, 1:40 

Supernatant 

300 

6 

culture Z-1 

IS 84, 1:40 

Sediment 

300 

7 

culture Z-1 

IS 84, 1:80 

Supernatant 

300 

8 

culture Z-1 

IS 84, 1:80 

Sediment 

69 

9 

culture Z-1 

IS 84, 1:160 

Supernatant 

145 


culture Z-1 

IS 84, 1:160 

Sediment 

87 

11 

culture Z-1 

IS 84, 1:320 

Supernatant 

184 

12 

culture Z-1 

IS 84, 1:320 

Sediment 

51 

13 

culture Z-1 

IS 84, 1:640 

Supernatant 

118 

14 

culture Z-1 

IS 84, 1:640 

Sediment 

31 

15 

culture Z-1 

IS 84, 1:1280 

Supernatant 

182 

16 

culture Z-1 

IS 84, 1:1280 

Sediment 

60 

17 

culture Z-1 

IS 84, 1:2560 

Supernatant 

71 

18 

culture Z-1 

IS 84, 1:2560 

Sediment 

12 

19 

culture Z-1 

None 

Supernatant 

8 


culture Z-1 

None 

Sediment 

0 

21 

None 

Saline. None 

None 

300 


of bacteria; also that serum diluted in distilled water had an 
equally deleterious effect. Dilutions of the same serum in Savita 
broth had no effect on the same phage. In other experiments 
physiological saline was used as the diluent, and in these in- 
stances an even greater destruction of phage was observed. 
However, the addition of a small quantity of broth or serum 
(diluted 1 : 160) “protected” the phage and little or no diminution 
was observed. These findings appear to be at variance vdth the 
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reported experience of Rakieten, Rakieten, and Doff (1936) who 
state that . . bacteriophage controls were undiminished in 
titer for as long as 11 daj^s in distilled water, hj'pertonic or 
hjTJotonic salt solution." But under the conditions of tJicir 
experiments the phages were prepared in S&vita broth, and ibi? 
was added to tubes of distilled water or saline. Hence, a suf- 
ficient amount of "protective substance" was present. In the 
present study the initial dilution was prepared by adding a small 
loopful (less than 2 mm. in diameter) of phage to 10 cc. of saline. 
Further dilutions were then made by adding 0.1 cc. of this phage 
to tubes containing organisms suspended in Saline or distilled 
water, with the result that not enough of the broth was carried 
over and the phage was destroyed. Reports on the to.vicHy 
of saline for other viruses have been made by Nicolau and 
Galloway (1930) and Goodpasture and Buddingh (1936). 

Finally we observed that susceptible organisms suspended in 
distilled neater bad little phage-absorbing power. However, the 
addition of a small amount of peptone (0.1 per cent), and a small 
amount of electrolyte (0.1 per cent NaCl) to such a suspension 
in distilled water restored the phage-binding power of the sus- 
pension. 


niscussioN 

It has been shown by means of properly adjusted quantities 
of bacterial cells and immune serum, that the bacterial surface 
may be coated to such an extent that phage absorption is pre- 
vented. On the basis of the results obtained it is believed that 
the portion of the bacterial cell that specifically absorbs phage 
is the same as that which absorbs antibody from specific anti.=ora. 
Since all of the organisms that -we have investigated were heat- 
killed suspensions, it appears that the part of the cell that is 
primarily responsible for the absorption is the heat-stable agglu- 
tinogen. These experiments, however, do not allow us to draw 
any conclusions with regard to the chemical nature of the anti- 
gens involved. 

In accord with the reports of Burnet (1934) and Rakwten 
et al (1936) on watery extracts of bacteria, wc have found that 
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proper concentrations of immune serum are capable of removing 
all phage-inhibiting power from watery extracts of enterococci. 
In addition, the precipitate that is produced under conditions 
where precipitin and precipitinogen are present in optimal pro- 
portions, is likewise devoid of phage-inhibiting power. The 
more direct method of determining the fraction of the cell to 
which phage attaches itself, chemical analysis, has been tried 
(Gough and Burnet, 1934) but has not been entirely satisfactory, 
probably because of marked alterations in the antigens which 
occur when bacteria are subjected to treatment with chemicals. 

CONCLUSIONS 

1. The surface component of bacteria to which phage is at- 
tached preUminary to lysis can be specifically coated by anti-bac- 
terial immune serum, and by this method rendered inaccessible 
to phage. 

2. The heat-stable agglutinogen of the organisms studied is 
the surface antigen to which bacteriophage is absorbed. 

3. Distilled water or saline alone, under certain conditions, 
appears to be toxic for the bacteriophage that we have studied. 
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PROCEEDINGS OF LOCAL BRANCHES OF THE 
SOCIETY OF AMERICAN BACTERIOLOGISTS 

CONNECTICUT VALLEY BBANCH 
Yale Medical School, New Haven, Dec. 3, 1938 


Preliminary Report of Serological 
AND Cultural Studies on Clos- 
tridium HiSTOLYTicuM. Gcorgc Val- 
ley and Catherine S. Flynn, Yale Uni- 
versity and Vassar College. 

Results obtained with forty-two 
strains of Clostridium histolyticum show 
that surface growth on an agar medium 
may appear either as smooth, raised, 
opaque, or as irregularly branched, 
almost transparent colonies with 
slightly raised (conical) centers. A 
thin film may also develop. Subsur- 
face growth in deep semisolid cysteine 
agar shake tubes shows small lenticular 
colonies in early stages; later addi- 
tional units develop to form irregularly 
shaped coral-like colonies. Spherical 
to oval colonies with roughened sur- 
faces are also observed, surrounded by 
a halo of very small satellite colonies. 
The woolly or “cotton-ball” colony 
frequently develops with some strains. 
Many of the strains yield consistently 
only one type of colony. It is possible 
that motility may play the important 
r61e in this phenomenon. In 1.5% agar 
practically all of the strains show the 
smooth-surfaced, irregular, coral-like 
colony. 

The strains seem to be uniformly pro- 
teolytic and non-saccharolytic. Three 
or four cultures of the total of forty- 
two strains ferment a limited number of 
carbohydrates, producing both acid 
and gas. 


Twenty antisera were prepared by 
injection of formolized antigens into 
rabbits. Agglutination tests were run 
with each antiserum using both formol- 
ized (“H”) and phenol-alcoholized 
("O”) antigens. With most of the 
strains both “H” and "0” antigens 
were agglutinated to high titer (1:2560- 
1:5120) by the majority of the antisera; 
with 13.6% of the strains only the for- 
molized antigens were agglutinated; 
with 4.5% of the strains neither the 
“H” nor the “0” antigen was agglu- 
tinated; with an additional 4.5% of 
strains there was agglutination of the 
two antigens only with an occasional 
serum; two of the twenty antisera 
failed to agglutinate the majority of 
the antigens, either “H” or "O”. 

A Study of Rat Pneumonia. Datnd 
Borden and Walter L. Kulp, Labora- 
tory of Bacteriology, Connecticut 
State College, Storrs, Connecticut. 
A small Gram-negative motile bacil- 
lus has been isolated from the lungs 
and heart blood of rats in the acute 
stage of pneumonia. This organism 
appears to be identical with Bacillus 
ironchisepticus both morphologically 
and biochemically. Serologically it 
has been determined that antigenic dif- 
ferences exist between the organism 
isolated from infected rats and known 
strains of Bacillus bronchisepticus. 
The organism in question also shares 
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certain antigenic components with an 
organism recently isolated by Eldering 
and Kendrick, and temporarily named 
by them Bacillus para-periussis. Suc- 
cess has been obtained in 100 percent of 
the attempts to induce rat pneumonia 
by the intratracheal method of inocula- 
tion. The histopathology of the lungs 
of artificially infected rats appears to 
be identical with those of spontaneous 
cases. It has been found that the rat 
pneumonia organism, Bacillus bronchi- 
septicus and Bacillus para~perlussis 
each produce a substance which is 
capable of oxidizing di-methyl para- 
phenylene diamine hydrochloride. 

Methods fob the Diagnosis and Con- 
trol OF Bovine Mastitis. L. IF. 
Slanetz and J. Naghski, New Hamp- 
shire Agricultural Experiment Sta- 
tion, Durham, N. H. 

Study of different tests for the diag- 
nosis of bovine mastitis showed that 
there is considerable variation in the 
efficiency of these tests, and that their 
limitations must be recognized when 
interpreting the reactions. The strip 
cup, brom-thymol-bluc and Hotis tests 
can not be relied upon for an accurate 
diagnosis of mastitis infection. A 
combination of the microscopic test, 
Edwards’ medium and blood agar plate 
was very satisfactory for the detection 
of infected animals. It was found that 
the presence of leucocytes can be deter- 
mined from smears of incubated sam- 
ples used for the microscopic detection 
of streptococci. It was also demon- 
strated that composite samples may 
be emplo 3 ’ed for the diagnosis of bovine 
mastitis. This greatly reduces the 
labor, time, and materials necessary 
for the collection and examination of 
the milk samples. A plan was pre- 
sented for the diagnosis and segrega- 
tion of animals in a herd. 


Some Factors Affecting the Acolf- 

TINABILITY OF STRErroCOCCI ASSO- 
CIATED w'lTH Bovine Mastitis. H'. 
N. Plastndgc, L. F, iVHUams and 
Laura Banfield, Department of Ani- 
mal Diseases, Storrs Agrictiltuml 
Experiment Station, Storrs, Con- 
necticut. 

All of the ingredients, especially the 
kind of peptone used in preparing 
nutrient broth were found to have a 
pronounced influence on ngglutina- 
bility of udder streptococci. The per- 
centage of usable antigens obtained 
from cultures grown in broths contain- 
ing 0.2 percent glucose and prepared 
with Witte’s peptone, Difeo Bacto- 
Peptone, Armour’s peptone, Difeo 
Bacto-Tryptonc, Difeo Ncopeptone, 
Fairchild's peptone and Difeo Pro- 
teose-Peptone varied from 7.1 to SS.2 
percent. Difeo Proteose-Peptone 
yielded the highest percentage of 
usable antigens. Fresh beef infusion 
was decidedly superior to Savita yeast 
extract and commercial beef e.xtrnct 
(Lemco). Use of phosphate buffer 
aided in the production of usable anti- 
gens. The optimum concentration of 
glucose was 0.5 percent, of sodium chlo- 
ride 0.5 percent and of Difeo Proteose- 
Peptone 8.0 percent. The optimum ^ 
initial hj'drogen ion concentration of 
buffered beef infusion broth prep.ared 
with Difeo ProtcoBc-Peptonc and con- 
taining 0.5 percent glucose was pH 7.5. 
The optimum period of incubation was 
48 hours. 

Mechanical shaking and extraction 
with 0.5 percent "Antiformin” partly 
improved spontaneously’ ngglutinabtc 
antigens. Distinctly in.agglutinablc or 
spontaneously ngglutinablc cells were 
seldom made specifically ngglutinablc 
by similar treatment. 
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WASHINGTON BRANCH 

Army Medical School, Washington, D. C., December 20, 1938 


The Saprophytic Acid-Fast Bac- 
teria. Ruth Gordon, Bureau of 
Plant Industry. 

Methods for the Investigation op 
Food Poisoning Outbreaks of Bac- 
terial Origin. Symposium con- 
ducted by 0. B. Williams, National 


Canners Association, assisted by A. 
C. Hunter and G. L. Slocum, Food 
and Drug Administration; L. H. 
James, University of Maryland; <S. 
E. Stuart and B. L. Levine, National 
Institute of Health. 


Army Medical School, Washington, D. C., January 17, 1939 


PSEUDOMONAS AERUGINOSA IN BoVINE 

Mastitis. J. F. Cone, Division of 
Market-Milk Investigations, Bureau 
of Dairy Industry, U. S. Department 
of Agriculture. 

Pseudomonas aeruginosa was appar- 
ently the sole etiological agent in two 
outbreaks of extremely severe mastitis. 
No mixed infections were found and 
most of the cows involved had had no 
previous history of mastitis. The acute 
febrile stage usually lasted only a few 
days, but with some of the cows the 
organisms were shed into the milk 
long after the secretion appeared nor- 
mal macroscopically. 


Eighteen strains of the organisms 
from mastitis and four strains of P. 
aeruginosa obtained from other labora- 
tories were studied in pure cultures and 
were found to differ from Bergey’s de- 
scription of the species in their in- 
ability to produce indole, and in their 
ability to produce acid from some of the 
simpler carbohydrates. 

Technique and Results of the 
Treatment of Bacteria with 
Monochromatic Ultraviolet Rad- 
iation. A. Hollaender, National 
Institute of Health. 




THE LACTASE ACTIVITY OF ESCHERICHIA COLI- 

MUTABILEi 


CHARLES J. DEERE, ANNA DEAN DULANEY and I. D. MICHELSON 

Department of Chemistry and Department of Bacteriology, University of Tennessee 
School of Biological Sciences, Memphis 

Received for publication August 24, 1938 

In a previous publication (Deere, Dulaney and Michelson, 
1936) we reported that the non-lactose-fermenting (white) form 
of Escherichia coli-mutabile when grown in lactose broth utilizes 
very small quantities of lactose, if any, before the appearance of 
lactose-fermenting variants (reds). Appreciable lactose utiliza- 
tion and production of acid and gas were so closely correlated 
with the appearance of lactose-fermenting variants as to warrant 
the conclusion that the fermentative changes were due to these 
variants. 

This earlier study has been extended to include determinations 
of the lactase content of cell preparations of both the white and 
red forms of Escherichia coli-mutabile. Since both forms are 
able to ferment monoses the difference in their cultural behavior 
in lactose broth must be due to a difference either in lactase con- 
tent or activity. 

The behavior of Escherichia coli-mutabile in lactose broth sug- 
gests that its lactase is an adaptive enzyme (Virtanen, 1934), 
viz., that lactase is produced only in the presence of lactose. 
Hershey and Bronfenbrenner (1936) found the non-lactose- 
fermenting form of a lactose-variable coli-aerogenes intermediate 
to be deficient in lactase, while its lactose-fermenting variant 
contained lactase. We were surprised, therefore, to find that 

* Part of the data in this paper are taken from a dissertation presented by 
Charles J. Deere to the Committee on Graduate Study in partial fulfilment of 
the requirements for the degree of Doctor of Philosophy, University of Tennessee, 
September, 1937. 
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lactase in Escherichia coli-midahile is not an adaptive enzyme, 
in terms of Virtanen’s definition, since its presence is not depen- 
dent on growth of the organism in the presence of lactose (tables 
2 and 3). Furthermore, the lactase activity of this organism in 
cultures is not determined directly by its lactase content. 

The isolation and cultural reactions of the organism used in 
this study have been described (Dulaney and hlichelson, 1035 
and Michelson and Dulaney, 1936). The Garrett strain used 
in former work was employed in these studies. The white is 
the non-lactose-fermenting Escherichia coli-jmdabile and the red 
is its lactose-fermenting variant. 


METHODS 

Analytical 

The lactase content of cell preparations was determined by 
their abihty to hydrolyze lactose, the change in reducing power 
of the substrate being measured by the Shaffer-Hartmann method 
as modified by Shaffer and Somogyi (1933). With Reagent 
No. 50 and a 15 minute period of heating, the per cent increase 
in reducing power of a solution of lactose follows closely the per 
cent of hydrolysis of lactose (fig. 1). 


Cell 'preparation 

Determination of lactase content by the above method require.-^ 
cell preparations whose ability to act on monoses has been de- 
stroyed. Karstrom (1931) and Hershey and Bronfenbrenner 
(1936) have used toluene for inhibiting enzyme action on mono.=cs 
and preventing the interference of contaminants. We have 
found that thymol will sterilize heavy suspensions of colon or- 
ganisms wdthin one hour, while toluene requires 2 days (Hcr.dicy 
and Bronfenbrenner). In other respects thjmol is also more 
satisfactory than toluene. 

In order to measure accurately the test quantities of fell 
preparations we have weighed samples dried by vacuum distilla- 
tion at 35-3S°C., having demonstrated that this procedure i- 
iimocuous to lactase. 
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Substrate 

The substrate used was 50 cc. of 0.5 per cent lactose in 1 per 
cent acacia and 0.1 m phosphate buffer at pH 7.0-7.2. The 
presence of acacia prevents lactase inactivation by unknown 
factors which otherwise prevent even roughly agreeing duplicates, 
particularly when the quantities of cell preparations are varied. 


RELATION BETWEEN REDUCING POWER AND 
DEGREE OF HYDROLYSIS OF LACTOSE 



Fig. 1 

The pH of the substrate is optimum for the lactase of this organ- 
ism (fig. 2) . For sugar determination no preliminary treatment 
of the system is required; the digests are simply diluted to bring 
the sugar content within the range determinable by the reagent. 

pH determination 

We have used a quinhydrone electrode for pH determinations. 
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Time of appearance of variants 

The time of appearance of variants was determined by streak- 
ing the cultures on Endows agar. 


pH optimum for iactase 



EXPERIMENTAL PROCEDURE 

The organisms were grown on plain or sugar agar contained in 
flatsided pint flasks. Ten-per-cent sugar solutions, separately 
sterilized, were used in the sugar agar. The growth was har- 
vested in 8-12 cc. of saline, the cells packed by centrifugation, 
and the supernatant fluid used for pH determination. The cells 
were washed twice in distilled water and samples estimated to 
contain 20-30 mgm. of cells placed in weighed 100 cc. Erlcnmeycr 
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flasks. The samples were dried rapidly by vacuum distillation 
with the apparatus described by Morrison and Hisey (1937) 
and the weight of dried material determined. The dried cells 
were suspended in 25 cc. of 2 per cent acacia in 0.2 m phosphate 
buffer, 10-20 mgm. of thymol added, and the samples placed in 
an incubator at 37-38°C. After periods ranging from one to 
one and one-half hours, 25 cc. of 1 per cent lactose were added 
and samples immediately withdrawn for analysis. These samples 
and those subsequently taken were diluted with 0.01 per cent 
copper sulfate in order to stop enzyme action. The reducing 
power of these diluted samples was determined and thereby the 
lactase content of the preparation estimated. 

RESULTS 

In our earlier work (Deere, Dulaney and Michelson, 1936} on 
lactose utilization of Escherichia coli-mutabile we employed broth 
cultures. Since it was desirable to use agar cultures for the 
present enzyme studies, a comparison of the lactase content of 
cells grown on the different media was indicated. The results 
(table 1) disclose a relatively delayed increase of lactase in cells 
grown on agar, and a more rapid decrease in lactase of cells in 
broth cultures following development of lactose-fermenting 
variants. These differences in behavior, however, are slight 
enough to justify use of agar cultures for our present purposes. 

Our observations were extended to include a determination of 
the lactase content of cell preparations of both the white and red 
strains when grown on plain, glucose and lactose agar. The 
results are presented in tables 2 and 3. It will be observed that 
growth on lactose medium is not essential for the presence of 
lactase in either of the strains. Incidentally, the white strain 
used in this experiment had not been in contact with lactose for 
55 days. When grown on lactose-free media the two strains have 
similar small amounts of lactase. Growth of either strain on 
lactose medium suelds preparations which are many times as 
active as preparations obtained from lactose-free media. The 
white strain grown on lactose agar has about 5 times the lactase 
content of the red strain which has been grown on lactose-free 
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agar. The lactase content of the red strain when grown on 
lactose rises to approximately 3 times that of the white under the 
same conditions. The fact that a growing culture of the ivhitc 
strain will not ferment lactose cannot be attributed to absence 
of lactase. 

In \'iew of these results it seemed unlikely that increase in 
lactase could be the entire explanation for the development of red 
variants. Probably a combination of factors, rather than a 
single one, is responsible. The quantitative increase in lactase 
which occurs cannot be ignored. It may be that there is a 

TABLE 1 

Comparison of lactase activity of cells grown in hrolh and on agar 
Substrate — 0.5 per cent lactose, 1 per cent acacia, 0.1 jr phospliate, pH 7.1. 

Period of incubation in determination of lactase activity, 12 hours 


WCQttlU 



Lactoae agar 

Plain agar 

Laotoso broth 

riiin 

broth 

Period of growth, houra. 

12 

24 

43 

72 

m 

m 

12 

24 

4S 

72 

12 

24 

4S 

72 

120 

:t 


pH of medium ......... 

7.2 

7.3 

6.5* 

6.3 

7.4 

7.9 

7.6 

7.6 

7.9 

79 

7.4 

m 

5.1* 


7.0 

7.9 

Weight of sample, mgm. 

21.8 

22.2 

IS.S 

19.2 

03 

23.5 

03 

25.3 

25.5 

25.1 

25.4 

18.0 

20.0 


U5 

\ 

Per cent of lactose 
hydrolyzed 

18 

15 

48 

87 

63 

47 

3 

S 

1 

5 

23 

14 

91 

72 

1 

O 


Lactase activity t- . 

m 

SB 

2.5 

4.5 

3.7 

m 

SB 

K 

0 

m 

1 

1 

4.4 

3.C 

i 

i 

0 


* Lactose-fermenting variants appeared at this interval, 
t Per cent of lactose hydrolyzed per milligram of dry preparation. 


critical lactase content which must be achieved before sugar 
utilization and acid formation sufficient to change the dye-indica- 
tor system on Endo’s agar results. This critical value is acquired 
by the red strain during the very early hours of the growth 
phase. On the other hand, only certain cells of the white strain 
are able to ferment lactose, even after prolonged (48 hour) contact 
with the sugar. 

Very small amounts of lactose are sufficient to cause the de- 
velopment of a few reds. Since the lactase content of tlic-c 
organisms is so greatly influenced by the presence of lactose in the 
medium it seemed likely that small concentrations of !acto-e 
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could cause the production of reds without increasing the lactase 
activity of the cells. This possibility was examined in the 

TABLE 2 


Effect of medium on lactase activity of Escherichia coli-mutabile {Garrett white) 
Substrate — 0.5 per cent lactose, 1 per cent acacia, 0.1 u phosphate, pH 7.1. 
Period of incubation in determination of lactase activity, 12 hours 



MEDIUM 

Glucose agar 

Lactose agar 

Plain agar 

Period of growth, hours 

12 

24 

12 

24 

12 

24 

pH of medium.. 

4.7 

4.6 

7.2 

7.2 

7.6 

7.7 

Treatment of cells 

1 

•u 

.2 

Q 

•d 

1 

o»a 

*0 

‘C 

o 

'O 

• o 

C'C 

a"” 

•d 

Q 

TS 

1 » 

P 

*0 

.2 

Q 

•o 

1 o 

tS‘u 

.2 

Q 

•o 

1 0 

1 'd 

.2 

*C 

Q 

•d 

1 o 

O.U 

Weight of dry sample, mgm. . . . 

30.6 

4 

0.1 

1 

19.8 


m 


m 


29.9 


m 


Per cent of lactose hy- 
drolyzed 

Lactase activity* 


2 

0.1 

4 

0.2 

36 

1.0 

37 

1.1, 

30 

1.0, 

30 

1.0 


4 

0.1 

3 

0.1 

4 

0.2 


* Per cent of lactose hydrolyzed per milligram of preparation. 


TABLE 3 

Effect of medium on lactase activity of Escherichia coli~mutabile {Garrett red) 
Substrate — 0.5 per cent lactose, 1 per cent acacia, 0.1 m phosphate, pH 7.1. 
Period of incubation in determination of lactase activity, 12 hours 





Glucose agar j 

j Lactose agar 

j Plain agar 

Period of growth, hours 

' 12 

24 

12 

24 

12 

24 

pH of medium 

4.7 

4.7 

5.1 

5.2 

7.5 

7.7 


1 -d 

'd 

•d 

•d ; 

'd 

•d 

-d 

"d 

•d 

.■s 


•d 

Treatment of cells 


e'C 

OtI 


§ii 

o 

C'u 


c’C 1 

*C 





a 

Z 

p 


p 

z 

U 

z 1 

o 

z 


z 

Weight of dry sample, mgm. . . . 

m 


23,5 

1 

32.1 


24.7 


3S.0 


23.6 


Per cent of lactose hy- 




1 









drolyzed 

0 

4 

5 

3 

90 

^^3 

70 

68 

4 

6 

7 

4 

Lactase activity* 

0 

Qg 

Ifi 

0.1 

2.8 

2.7| 

2.8 

2.8 



0.3 

0.2 


* Per cent of lactose hydrolyzed per milligram of preparation. 


following experiments (table 4). Garrett white was grown on 
agar containing 0.001, 0.01, 0.1 and 1 per cent lactose and the 
lactase content of the cells followed. Lactose in concentration of 
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0.01 psr c6Dt WAS sufficisDt to CAUS6 tli6 productioD of rod vsriants 
but this concentration gave a negligible increase in lactase con- 
tent over that observed in organisms grown on 0.001 per cent of 
lactose-free agar, on which reds failed to appear. These results 
maj’- indicate that increase in lactase content of the white strain 
is not as closely correlated with variation from white to red as ^-e 
first believed (Dulaney and Deere, 1937). On the other hand, 
it may be argued that the particular cells of the white stram 
which gave rise to the reds did so by increasing their lactase con- 
tent. It is well known that a great variation in rate of dis- 
sociation may be demonstrated among colonies which represent 

TABLE 4 

Effect of lactose concentration on lactase activity of Escherichia coli-mutabilc 
Substrate — 0.5 per cent lactose, 1 per cent acacia, 0.1 m phosphate, pH 7.1. 

Period of incubation in determination of lactase activity, 12 hours 


tACTOSE CONCEjrraATION IN MEDIUM 


1 

i 

0.001 per cent 

0.01 per cent 

0.1 per cent 

1.0 per cent 


24 

48 

El 

24 

48 

wm 

24 

48* 

m 

24 

48* 

72 


■ 


7.6 


S.1 

7.6 

7.7 


7.6 

7.6 

7.4 

7.4 

C.9 

6.4 







Weight of dij- sample, mgm 

26.1 


26.3 

25.4 

27.5 

26.8 

28.8 

28.9 

23.2 

28.5 

27.4 

23.9 

Per cent of lactose hy- 
drolyzed 

6 


5 

6 

8 

7 

9 

21 

37 

28 

35 

I 

Tinr.tflpp! flp.tivityf 

0.2 

i 





0.3 

0.7 

1.6 

Im 

1.3 

m 




1 


■w 


* Lactose-fermenting variants appeared at this interval, 
t Per cent of lactose hydrolyzed per milligram of dry preparation. 


the descendants of one white colony. Furthermore, a few reds 
may be demonstrated in broth containing 0.0025 per cent lactose, 
though this concentration of lactose does not yield sufficient acid 
to produce a color change with brom-thymol-blue indicator. 

The white strain may be grown on lactose agar for an indefinite 
period of time without gi^dng rise to reds, provided frequent 
(daily) transfers are made. Under these conditions the lactase 
content of the cells approaches but never equals that of reds 
grown under the same conditions. 

CONCLUSIONS 

1. Lactase is present in both the white and red forms of 
Escherichia coli-mufabile when these organisms have been gronu 





















LAdTASE ACTIVITY OF E. CCLl-MUTABILE 


363 


in the absence of lactose. Lactase must therefore be classed as a 
constitutive enzyme, though the cultural behavior of th^ organ- 
isms would lead one to class its lactase as an adaptive enzyme. 

2. Growth of both the white and red organisms on lactose 
media results in preparations several times as active in lactase as 
similar preparations obtained from lactose-free media. Under 
such conditions the lactase content of the white approaches, but 
never equals, that of reds grown under similar conditions. 

3. The white form can be kept in contact with lactose indefi- 
nitely without the production of red forms, in spite of marked 
increase in lactase. 

4. Dissociation to reds may occur in small degree without a 
measurable increase in lactase content of the entire culture. 

5. Preparations of white organisms grown on lactose contain 
more lactase than preparations of red organisms grown in the 
absence of lactose. 

6. Quantitative increase in lactase does not altogether explain 
dissociation which is probably due to a combination of factors. 
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The discovery of phase variation by Andrewes (1922) has 
had a profound effect on the differentiation of Salmonella types. 
This phenomenon and the demonstration of heat-stable and heat- 
labile receptors by Weil and Felix (1920) form the basis for 
the modern classification of the paratyphoid group. Through 
the work of a number of investigators it has gradually been 
accepted that the motile Salmonella strains are divisible into 
four groups. These are as follows: 

A. Diphasic strains possessing the specific and non-specific 
phases of Andrewes (1922). 

B. Diphasic cultures which display a variation confined to 
two specific antigens. This is the alpha-beta phase variation 
of Kauffmann and Mitsui (1930). 

C. Monophasic cultures which exist only in the specific phase. 

D. Monophasic cultures which exist only in the non-specific 
phase. These are usually considered as the non-specific counter- 
parts of diphasic cultures. 

It is with the fomth group, the forms generally regarded 
as being totally and permanently non-specific, that the present 
paper deals. This group is composed of five .varieties: Binns, 
Kunzendorf, Voldagsen, Berlin and Puerto Rico. It is proposed 
to demonstrate that these organisms are not totally non-specific 
but are actually diphasic and possess specific components. 

^ The investigation reported in this paper is in connection with a project of 
the Kentucky Agricultural Experiment Station and is published by permission 
of the Director. 


365 



366 


D. W. BRTJNEB AND P. K. EDTVAEDS 


METHODS 

The simplest method of isolating a specific phase from a 
Suhnonclla strain is to plate the culture and examine the result- 
ing colonies by slide agglutination with specific and non-specific 
serums. Such a procedme is quite satisfactory in strains which 
produce a relatively large percentage of specific colonies, hut 
is most laborious and quite likely to result in failure when the 
culture under examination produces very few specific colonies. 
Scott (1926) and Bridges and Scott (1931) isolated specific 
phases from stubbornly non-specific cultures by cultivating them 
for several generations in broth containing antiserum derived 
from the non-specific phase. After this treatment, specific colo- 
nies appeared on plate cultures. 

Wassdn (1935) described a method for the separation of 
specific and non-specific phases which was based on the im- 
mobilizing effect of homologous immune serum. Filter paper 
impregnated with the appropriate serum was placed in semi- 
solid agar and the medium inoculated at a point somewhat 
removed from the paper. 

The migration of the homologous phase was checked at a 
distance from the paper, while the heterologous phase approached 
more closely. This method was improved and simplified by 
Gard (1937), who added the immune serum directly to semi-solid 
agar and inoculated the medium by stabbing. The growth of the 
homologous phase was confined to the line of stab while the 
heterologous phase diffused through the medium. This modifi- 
cation was used by the writers. The details of the method are 
as follows; Approximately 5 ml. of the semi-solid agar of Jordan, 
Caldwell and Reiter (1934) was placed in tubes having a diameter 
of 11 mm. After sterilization, the medium was cooled to 45°C, 
and sufficient sterile agglutinating serum derived from the 
Kunzendorf type added to give a final concentration of 1 to 
1200. The serum had a titre of 1 to 5000 for the homologous 
strain. The concentration of serum must be gauged rather care- 
fully since too little fails to confine the growth of the homol- 
ogous phase to the line of stab, while too large an amount of 
serum immobilizes both phases through the action of somatic 
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agglutinins. The agar containing the non-specific serum was 
inoculated by a single stab at one side of the tube. A heavy 
line of growth appeared along the fine of stab and if organisms 
existing in the specific phase were present they grew out through 
the medium, forming protuberances from the line of inoculation. 
By fishing from the protruding growth and reinoculating into 
the same medium the specific phase was obtained. At times it 
was necessary to transfer the culture in this manner several 
times before the non-specific phase was eliminated. It is helpful 
to transfer the culture to an agar slant also, each time it is 
transferred in semi-sohd agar. Growth from the agar slant can 
be tested by slide agglutination with specific and non-specific 
serums, thus enabhng the worker to judge the status of the 
culture at each transfer. 


RESULTS 

The Binns type of Schiitze (1920) was described by White 
(1926) as a totally non-specific variant of Salmonella typhi- 
murium. It was found by Edwards (1936) to be diphasic. The 
specific phase of the orignal Biims strain was demonstrable only 
with the greatest difficulty by ordinary plating methods and by 
growth in non-specific antiserum broth. Therefore, it offered 
an opportunity to compare the efficiency of those methods with 
that of the Wass4n technique. When the Binns strain was 
inoculated into the semi-solid agar containing non-specific serum, 
the whole tube of agar was turbid after over-night incubation. 
It was first thought that the concentration of serum was in- 
sufficient to confine the non-specific phase to the site of inocula- 
tion. However, when organisms were fished from the side of 
the tube opposite the line of stab, they were found to represent 
the specifi&'phase and failed to agglutinate with non-specific 
antiserum. ^This was repeated several times and each time 
the result was the same. The results; with the Binns strain 
demonstrate how much more effective is the Wass4n technique 
than are other methods of isolating specific components. 

The Kunzendorf variety, or western European type of Sal- 
monella cholerae-suis, was found by White (1926) to be totally 
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non-specific. Gard (1937) mentions the fact that he obtained 
specific phases from Kunzendorf cultures by the Wass4n tech- 
nique. The two cultures to be reported upon here are tjpc 
cultures (numbers 309 and 1713) of the National Collection of 
Type Cultures of Great Britain. These two strains were among 
those studied by White and found monophasic. When they 
were inoculated into the test medium, both displayed a small 
spherical projection from the line of stab after 48 hours incuba- 
tion. On the second transfers the migrations from the site of 
inoculation were much more pronounced and on the third trans- 
fers the specific phase was isolated from both strains. These 
specific phases were agglutinated to the titre of specific S. chol- 
erae-suis antiserum, were not flocculated by non-specific serums 
and were able to absorb completely the floccular agglutinins from 
specific S. cholerae-suis antiserum. In addition to the two 
cultures described, specific phases were also isolated from 6 
other Kunzendorf strains. 

The Voldagsen type of Dammann and Stedefeder (1910) was 
demonstrated by "White (1926) to be the monophasic non-specific 
variant of Bacillus typhi-suis of Glasser (1909). Serologically, it 
is identical with the Kunzendorf type but differs in its very 
delicate growth on artificial mediums and by its rapid fermenta- 
tion of arabinose and trehalose. The only strain of this type 
available was the Dammann strain of the National Collection 
of Type Cultures of Great Britain. Four tubes of semi-solid 
agar were inoculated with the culture. After 48 hours incuba- 
tion one of them exhibited evidence of phase variation. After 
four transfers, subcultures from this tube 3 delded the specific 
phase. It was agglutinated to the titre of specific S. cholerac- 
suis antisermn and was not flocculated by non-specific serums. 

The Berlin type was described by Kauffmann (1929) as a 
totally non-specific variant of the Thompson type of Scott 
(1926). Gard (1937) recorded the isolation of specific phases 
from Berlin cultures. Foiu cultiues were available for study, 
3078 of the National Collection of Type Cultures of Great 
Britain and three cultures received from Dr. Kauffmann. The 
specific phase of culture 3078 was isolated after three transfers 
in semi-solid agar. The remaining three cultures behaved as 
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did the Binns strain, the specific phase clouding the whole tube 
on the first transfer in the semi-solid medium. The specific 
phases were flocculated to the titre of specific Thompson anti- 
serum but were not agglutinated by non-specific serums. The 
specific phase of the Berhn type removed all agglutinins from 
specific Thompson antiserum. 

The Puerto Rico type was described by Kauffmann (1934) as 
a totally non-specific variant of the Newport type. Only one 
cultiue, the strain originally studied by Kauffmann, was available. 
When it was inoculated into semi-solid agar the non-specific 
phase spread through the medium and no specific components 
could be isolated. The amount of sermn in the medium was 
then doubled and the specific phase was isolated without dif- 
ficulty. The specific phase was flocculated to the titre of spe- 
cific Newport antiserum, did not agglutinate with non-specific 
serums and removed all agglutinins from specific Newport anti- 
serum when used in absorption tests. 

DISCUSSION 

The demonstration of specific components from cultures of 
all the so-called monophasic non-specific varieties of Salmonella 
makes extremely doubtful the existence of a true permanently 
and totally non-specific strain. The presence of specific phases 
in the organisms under discussion renders it no longer necessary 
to include the Binns, Voldagsen, Puerto Rico and Berhn varieties 
in the classification of the genus Salmonella. They are identical 
with Salmonella typhi-murium, Salmonella typhi-suis, the New- 
port type and the Thompson type respectively. The Kunzen- 
dorf t5T)e is serologicaUy identical with Salmonella cholerae-suis 
but differs in its biochemical activity. 

The technique of Wass4n is far superior to other methods 
generally used for the isolation of specific phases from stubbornly 
non-specific races. Kauffmann (1936) discovered that the ty- 
phoid bacillus, which was long regarded as a monophasic organ- 
ism, actually displays alpha-beta phase variation. It seems 
quite possible that by the use of this method other supposedly 
monophasic specific species may be found to exhibit phase 
variation. 
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CONCLUSIONS 

The Wassen technique is an excellent means of isolating 
phases of Salmonella which are suppressed xmder ordinary con- 
ditions of culture. By its use specific phases have been isolated 
from all of the so-called monophasic non-specific Salmonella 
types. 
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The productivity of various media used in water analysis for 
the isolation of the coUform group has been frequently reported 
in recent literature. Since such studies may not be applicable 
where milk constitutes a portion of the inoculum, the Most 
Probable Number was determined in these experiments in a 
series of liquid and solid media containing milk. 

The method described by Butterfield (1933) and Hoskins 
(1933), for determining the comparative productivity of media 
for coli-aerogenes organisms, was modified, in that 10 instead of 
15 tubes of each medium were used and two dilutions were planted 
instead of three. Sterile whole milk in 1 cc. amounts was added 
to each tube of liquid media, except standard lactose broth, be- 
fore the organisms were added. With sohd media the number of 
organisms in the buffer infusion was determined by plating in 
standard agar. From the results obtained after 24 hours’ incu- 
bation, two dilutions of the original suspension were plated into 
each of the trial media in triphcate, such dilutions being used 
that the plates would show between 30 and 300 colonies per plate. 
Sterile whole milk was added to each plate in 1 cc. quantities 
before introducing the suspension. 

The media employed were selected from those used by us in a 

1 Based on a portion of a thesis submitted by the senior author to the Graduate 
School of the University of Maryland in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 

“ Present address, Bacteriological Section, Food Division, Food and Drug 
Administration, United States Department of Agriculture, Washington, D. C. 

371 



372 


M. T. BARTEAM AND L. A. BLACK 


previous study (Bartram and Black, 1936) and were prepared 
from dehydrated products or according to the methods described 
by their proponents. Both the liquid and sohd media were made 
up in such strengths that the addition of the 1 cc. of milk would 
serve to reduce the concentration of the medium to the usual 

TABLE 1 

Productivity of media containing milk for coliform organisms; residts reported as 
percentage of most probable numbers compared to standard lactose as 100 per cent 


(Average of two recently isolated strains) 


MEDIA 

ESCHER- 

JCHIA 

AERO- 

BACTER 

INTER- 

MEDIATE 

AVERAGE 

Methylene-blue brom-cresol-purple 

99 

107 


80 

Fuchsin lactose 

71 

50 


66 

Brilliant-green bile 

76 

81 

36 

64 

Formate ricinoleate 

15 

36 

27 

26 

Eijkman 

0 

0 

0 

0 


TABLE 2 

Productivity of media containing milk for coliform organisms; results reported as 
percentage of colonies obtained compared to standard agar plus 
milk as 100 per cent 


(Average of two recently isolated strains) 


AGAR 

E6CBER- 

icaiA 

AERO- 

BACTER 

INTER- 

MEDIATE 

AVERAGE 


97 

121 

146 

121 


120 

92 

128 

113 


86 

116 

103 

102 


75 

91 

120 

95 


93 

123 

30 

82 


92 

70 

20 

61 


4 

45 

5 

18 







value. All tubes and plates were examined at the end of 24 hours 
and 48 hours. Two strains each of Escherichia, Aerolacter and 
intermediates recently isolated from milk were used. The 
dilutions were so prepared that 1 cc. quantities could be used in 
making each inoculation and in all instances the media were 
inoculated alternately. 
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RESULTS 

The results obtained are shown in tables 1 and 2, in which the 
percentage productivity of each liquid medium is based on stan- 
dard lactose broth as 100 per cent and each solid medium on 
standard agar plus milk as 100 per cent. On the basis of the re- 
sults obtained, the liquid media would be placed in the follow- 
ing order, the most productive first: (1) methylene-blue brom- 
cresol-purple ; (2) fuchsin lactose; (3) brilUant-green bile, and (4) 
formate-ricinoleate. The Eikjman medium was unsatisfactory, 
giving negative results in all tests with the dilutions used. The 
solid media would rank as follows: (1) neutral-red bile; (2) violet- 
red bile; (3) Endo; (4) brilliant-green lactose bile; (5) lactose 
taurocholate; (6) desoxycholate, and (7) trypaflavine agar. 

DISCUSSION 

These experiments may not be suflSciently extensive to evaluate 
completely the various media and for such a purpose a more 
detailed examination may be necessary, as pointed out by Noble 
(1935). However, the results may be used within recognized 
limits, especially since no “border-line” medium was indicated. 
The results are somewhat in disagreement with those obtained in 
water analysis by other workers, none of whom employed milk 
with the inoculum. Ruchhoft (1935) in summarizing data re- 
ceived from cooperating laboratories, using the method of Butter- 
field-Hoskins, obtained the following productivity from highest 
to lowest: buffered lactose, fuchsin lactose, methylene-blue brom- 
cresol-purple, briUiant-green bile, crystal ^dolet and formate- 
ricinoleate. Ruchhoft and Norton (1935) in a preliminary report 
obtained essentially the same results except that the positions of 
buffered lactose and fuchsin lactose were reversed. Farrell (1935) 
rated buffered lactose and brilliant-green bile, in the order named, 
ahead of fuchsin lactose and placed trypaflavin broth below 
formate-ricinoleate. In this laboratory. Black and Klinger (1936) 
observed buffered lactose, fuchsin lactose, methylene-blue brom- 
cresol-purple, brilliant-green bile, crystal-violet and formate- 
ricinoleate to rank in the order named. These results agree with 
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those found by Ruchhoft. It would be interesting to determine 
if the addition of 1 cc. of nailk caused the change in relative 
productivity of fuchsin lactose and methylene-blue brom-cresol- 
purple. 

As far as is known, the productivity of the various solid media 
has not been reported so that no comparison is possible. How- 
ever, the results in general confirm those obtained in prewous 
work by us, (Bartram and Black, 1936) although desoxycholate 
agar fell below the results that might have been expected. This 
was accounted for by its low productivity with the strains of the 
intermediate group and may be characteristic of the medium, 
although this has not been determined with additional inter- 
mediate strains. 


SUMMARY 

Two strains each of Escherichia, Aerobacter, and intermediates 
recently isolated from raw milk were inoculated into five liquid 
and seven solid media in addition to standard lactose broth and 
standard methods agar, employed as controls. 

A modification of the method of Butterfield was followed with 
two dilutions inoculated into 10 tubes of each medium. Two 
dilutions were plated in triplicate in the solid media and 1 cc. of 
sterile whole milk was added to each plate or tube before adding 
the organisms. 

The productivity of the liquid media tested, based on Hoskins’ 
Most Probable Nmnbers was, in order of descending sensitivity: 
(1) methylene-blue brom-cresol-purple; (2) fuchsin lactose; (3) 
brilliant-green bile; (4) formate-ricinoleate; (5) Eijkman medium. 
No one of the media was as productive as standard lactose. 

The solid media ranked as follows: (1) neutral-red bile; (2) 
violet-red bile; (3) Endo; (4) brilliant-green lactose bile; (5) 
lactose taurocholate; (6) desoxycholate, and (7) trypaflavine 
agar. The unsatisfactory results obtained with desoxycholate 
agar may be accounted for by its low productivity with the cul- 
tures of the intermediate group used. Neutral-red bile and 
violet-red bile gave counts considerably higher than those ob- 
tained on standard agar plus milk. 
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INTRODUCTION 

This investigation deals with the effects of cupric, manganous, 
ferric, and antunonate ions; extracts of calves’ lungs, calves’ 
hearts, and chicken livers; and of diphenylamine and other or- 
ganic compounds; on the growth of H37, a human strain of 
tubercle bacilli. It was carried out at the suggestion of Dr. 
Kharasch, who, with his co-workers (Kharasch, Conway and 
Bloom, 1936), had studied the effects of the metal ions of copper, 
iron, and manganese as well as other compounds and had observed 
the response of the organisms in question toward these reagents. 

To permit the greatest possible control of the factors involved, 
the bacilli were grown on Long’s synthetic medium, (Long and 
Seibert, 1926) from which the ferric ammonium citrate was omit- 
ted. Long’s medium is prepared by autoclaving a solution of 
the following in one liter of distilled water: 

gm. 


Asparagin 5 

Ammonium citrate 5 

KHjPOi 3 

Na^OOs 3 

MgSO^THjO 1 

NaCl 2 

Glycerol SO 

Ferric ammonium citrate 0.05 


* Presented before the Division of Biological Chemistry of the American 
Chemical Society at the Pittsburgh meeting, September, 1936. 
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The solution is then adjusted to a pH of 7.2-7.4 with hydro- 
chloric acid. 

The ferric ammonium citrate, or other iron salts, when used in 
this investigation are considered as additional substances, in the 
same sense as are cupric or manganous salts. 

It is important to note the composition of this medium in order 
to evaluate the effects of the constituents on metal catalysis. 
Kharasch, et al, (Kharasch, Legault, Wilder and Gerard, 193G) 
have shown, in the case of the oxidation of a simple thiol sj^stem 
to dithiol, that the rate of oxidation is accelerated by the addition 
of manganese, copper, or iron salts and that their effectiveness is 
in the order hsted. The acceleration due to the manganese is 
suppressed, and that due to copper catalysis is enhanced, by 
phosphate ions, to a degree depending upon the concentration and 
upon whether the phosphate ion is present as ortho-, meta-, or 
pyrophosphate. Glycerol inhibits the catalytic effect of iron, 
manganese, and copper ions. The carbonate ion probable does 
not affect these systems. If there is any effect, it is unchanged 
with different concentrations. It should also be noted that beef 
extract was found to inhibit the effect of iron and that liver 


extract inhibited both iron and copper catalj'^sis, while the cata- 
lytic effect of manganese was not inhibited by either of these 
factors. The presence of dithiol in the S 3 '-stem at the start has- 
tened the oxidation of the thiol systems. 

Similar effects are undoubtedly important in controlling the 


growth of bacteria on a solution such as Long’s medium. How- 
ever, the complexity of such a solution, particularly after it is 
autoclaved, or after bacterial growth has started, obviates any 
a priori statement as to the influence of additional substances on 
the grovdh of the bacilli. It is not known in what forms the 
phosphate ion is present, nor whether glycerophosphates are 
formed from the glycerol in the presence of these phosphates, nor 


what is the nature of the complexes which are formed from am- 
monium citrate, asparagin and glycerol. It has been determined 
that with traces of additional substances, there is a profound 
quantitative change and also a marked effect on the character of 
the growth of certain organisms. For example, the growth of 
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Chlorella vulgaris, on a synthetic medium (Meier, 1932) of in- 
organic salts, arginine and agar, which ordinarily does not take 
place in the presence of minute traces of copper, was unimpaired 
when liver extract was added to such a medium which contained 
copper (Kharasch, Conway and Bloom, 1936). The resultant 
abundant growth was dark orange instead of green, and, micro- 
scopically, the relatively large green alga had changed into a 
small spherical body. These strilcing changes caused Dr. 
Kharasch to suggest the study of bacteria under similarly modi- 
fied conditions of growth. 

PURIFICATION OF REAGENTS 

For this investigation, the media are divided into two classes. 
In one, the chemicals used are "C.P.” or “Reagent” grade (here- 
after to be called “C.P.” media) and in the other, the chemicals 
are purified to the extent that the traces of impurities are reduced 
to a practical minimum (hereafter called “Purified” media). 

The water used for recrystaUizing the reagents, for cleansing 
the glassware, and for the media was double distilled. The 
second distillation was carried out in an all “pyrex” glass 
still. 

Asparagin was recrystallized four times from boiling water. 
The combined filtrates yielded upon evaporation a green-colored 
crop of asparagin which indicates the probable presence of chloro- 
phyl-like impurities. 

Potassium dihydrogen phosphate was recrystallized three 
times from boiling water. 

Sodium carbonate was prepared by fusing purified sodium 
bicarbonate. The sodium bicarbonate was recrystallized three 
times from water between 50° and 60°C. 

Ammonium citrate was purified in earlier experiments by 
recrystallizing the ammonium citrate twice from water. In 
subsequent experiments, citric acid was recrystallized and gaseous 
anunonia, washed through a train of three wash bottles, was 
passed through the solution of redissolved crj’-stals. 

Magnesium sulfate was recrystallized once from water. 

Sodium chloride was prepared by passing purified hydrogen 
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chloride into a solution of sodium chloride. The precipitated 
salt was washed with water and dried. 

Glycerol was distilled under reduced pressm^e from an all 
“pyrex^’ still. 

Agar agar was used wherever solid media were required. For 
purified reagents, the agar was washed several times with water, 
and most of the water removed each time. The washed agar was 
then dialyzed in a cellophane bag for two days against double 
distilled water. 

AH the glassware used in preparing the media, the media 
flasks, and cultme tubes were of “pyrex” glass. All glassware, 
in the earher experiments, was cleaned with chromic-sulfuric 
acid cleaning solution. In later experiments, trisodium phos- 
phate was used. In either event, after soaking 24 hours in the 
cleaning solution, the apparatus was washed thoroughly with 
hot tap water, and with distilled water and then allowed to stand 
in distilled water twice for 24-hour periods. The containers were 
plugged with cotton, then sterilized in an autoclave at 15 pounds 
steam pressure. 


EXPERIMENTAL RESULTS 

In several series of cultures, the growths were more abundant 
and appeared earlier on “C.P.’' media than on each similar modifi- 
cation of medium prepared with purified reagents. The "Puri- 
fied'^ media required the addition of other substances to yield 
such abundant and accelerated growths. This demonstrates 
that the catalytic effect of the impurities present in “C.P.” and 
reagent grade or similar quality chemicals is sufficiently great to 
influence and mask the effects of the traces of substances of 
interest in this investigation. 

Table 1 was compiled from three series of cultures (H37) in 
each of which there were several flasks of the same modification of 
media. A number of interesting facts are brought out liy this 
study. The effects of the non-ferrous catalysts on purified 
media, singly or in combination with each other, were not de- 
cisive. The addition of ferric ions alone did not promote growth, 
but the addition of ferric ions to any of the media containing the 
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non-ferrous catalysts singly, or in combinations, resulted in a re- 
markably enhanced growth. Therefore, the non-ferrous cata- 
lysts appear to have stimulated the action of the iron. It is 


TABLE 1 

The influence of metal catalysis on growth of tubercle bacilli {H37) 


"purified"* 

MEDIA NUMBER 

, Cu 

Mn 


mgm. per 1000 

mgm. per 1000 


cc. 

cc. 

1 



2 

0.033 


3 


0.10 

4 



5 

■SM 

0.10 

6 



7 


0.10 

8 

0.033 

0.10 

9 



10 

0.033 


11 


0.10 

12 



13 

■Sh 

0.10 

14 



15 


0.10 

MEDIA 

* 


NUMBER 



16 



17 

0.033 


18 


0.10 

19 




mmM 

0.10 

21 



22 1 


0.10 

23 

0.033 

0.10 


luSbiO?, (HiO) 

Fe 


mgm. per 1000 
cc. 

mgm, per 1000 
cc. 

1 



1 



1 

30.0 


2 



1 

30.0 


2 

30.0 


2 

30.0 


2 


7.5 

1 


7.5 

3 


7.5 

3 

30.0 

7.5 

5 


7.5 

4 

30.0 

7.5 

5 

30.0 

7.5 

5 



3 



4 



4 

30.0 


4 



4 

30.0 


5 

30.0 


5 

30.0 


4 


* “Purified” media were prepared from reagents which were carefully purified, 
t “C.P.” media were prepared from “C.P.” or reagent grade chemicals, 
t The growths were evaluated by inspection, and classified into five groups. 
Five (5) represents the most abundant growth observed, and one (1) the sparsest 
growth. 


consistent, then, that “C.P.” or unpurified medium required no 
additional substance to yield enhanced growths, since minute 
traces of iron and other substances are already present in this 











TABLE 2 

The influence of metal eatahjsts on growth of tubercle bacilli {HS7) 


*‘PTJRTriED'' 

MEDIA 

KUMBER 

Cu 

Mn 

K,Sb:07, 

(H,0) 

Fe 

NUMBER OF 
FLASKS 

AVERAGE 
■RXIOHT OF 
QRORTH* 

lUNQE or 
pH* 


mgm. per 

mgm. per 

mgm. per 

mgm. pet 





1000 cc. 

1000 cc. 

1000 cc. 

1000 cc. 










I 

5.4 

1 





8 

0.18 1 

6.2 








5.0 

2 

0.03 




4 

0.18 1 

6.2 







, f 

5.2 

3 


0.10 



4 

0.19 1 

5.8 








5.0 

4 



20.0 


4 

0.14 < 

5.4 








5.0 

5 

0.03 

0.10 



4 

0.19 j 

5.6 







io i 

5.0 

6 

0.03 


20.0 


4 

0.18 ^ 

5.4 








5.2 

7 


0.10 

20.0 


4 

0.15 1 

5.6 








5.4 

8 

0.03 

0.10 

20.0 


4 

0.23 1 

6.0 







/ 

7.2 

9 




7.5 

4 

0.46 < 

7.4 








7.2 

10 




15.0 

5 

0.41 1 

7.6 








7.0 

11 

0.03 



7.5 

5 

0.41 1 

7.2 








7.0 

12 

0.03 



15.0 

7 

0.39 1 

7.6 

13 


0.10 


7.5 

3 

0.48 

7.4 

14 


0.10 


15.0 

5 

0.45 

, f 

7.2 

7.2 

15 



20,0 

7.5 

5 

0.44 < 

7.4 








7.2 

16 



20.0 

15.0 

5 

0.44 { 

7.4 








7.2 

17 

0.03 


20.0 

7.5 

4 

0.44 1 

7.4 








7.0 

18 

0.03 


20.0 

15.0 

10 

0.40 1 

7.4 

“c.p.’* 








MEDIA 















5.4 

19 





9 

0.47 1 

6.0 


of weights and pH were made Hve 
tion of the media. The "mother” culture was grown on Long s synthc 
for 17 days. 
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medium as impurities. It is noteworthy, although not indicated 
in the tabulations, that, where potassium pyroantimonate is 
present, growths appeared earlier and were more abundant than 
on similar media containing no pyroantimonate. This is also 
true of manganese salts although the effect is less marked. 

It will be seen in table 2 that the weights of the growths ob- 
tained on “C.P.” media and on “Purified” media conta inin g iron, 
were more than twice the weight obtained from the analogous 
iron-free “Purified” media. It is to be recalled from table 1 that 
“Purified” medium containing iron and no other additional sub- 
stance did not consistently yield enhanced growths. These 
differences may be attributed to some variations, either ia tech- 
nique or the introduction of minute traces of other metals. 

No attempt was made in this study to investigate the pH-time 
relationship of the cultures, but some pH determinations which 
are of interest were made at the end of certain periods of growth. 
Five months after inoculation, “Purified” media which contained 
iron showed a pH which ranged from 7.0-7.6, while the pH range 
of the iron-free media was from 5.4-6.2. That of “C.P.” media 
was from 5.4-6.0 (table 2). 

In another series, the results were different, in that the pH of 
the substrates from a 10| weeks’ growth on “Purified” medium 
was 7.2 regardless of whether iron was added or not. In this 
latter series, the substrates from the “C.P.” media varied from 
5.4^6.0. 

It is generally accepted that when a different medium is to be 
used in culturing bacteria, in order to obtain good growths, it is 
frequently necessary to allow the bacteria to adapt itself to the 
new environment. It is conceivable then, that the history of 
growth and the subsequent nature of the cultures used in trans- 
planting may in some way be responsible for the differences ob- 
served. Thus, the cultures indicated in table 2 were transplanted 
from a 17-day old growth on Long’s synthetic medium, while 
those indicated in table 3 were made from a 15-week old culture 
grown on Long’s synthetic medium. 

In order to substantiate whether differently grown cultures of 
the same strain yielded different results, the following experi- 
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ments were carried out. A culture of H37, wMch was grown on 
“Purified” media for 18 weeks, was used to prepare tM'o sub- 
cultures. For one of these, “Purified” media was used (flask a); 
for the other, “C.P.” media, to which iron solution was added, 
(flask h). These subcultures were allowed to grow for four weeks 
and were then used for transplanting on the following media: 
“Purified” alone, “Purified” containing iron, “C.P.” alone, and 
“C.P .” medium to which iron had been added. In each instance, 
the cultures from flask h jdelded earlier growths, and, inter- 
estingly, the pH values of the solutions in these flasks were lower 
than those from flask a (table 4), 

TABLE 3 


The pH of cultures when inoculated from a "mother” culture IB weeks old 


“pURiriED” MEDIA 
KUMBER* 

Fe ADDED 

NUMBER or FLASKS 

BANDE OFpHt 

1 

mgm, per tOOO cc. 

0 

5 

7.2 

9 

7.5 

7 

7.2 

"o.p." MEDIA NOMDEB 




19 

0 

3 

6. 8-6.0 

19 Fe 

7.5 

4 

5. 4-6.0 


* The media used were reserved from the experiments described in table 2. 
t The determination of pH were made 21. months after inoculation of the 
media. The “mother” culture was grou-n on Long’s synthetic media for 15 weeks. 


The following experiments also show that there is a difference 
due to the type of inoculum used. Two emulsions of B599 (a 
nonpathogenic, rapidly growing bovine strain of tubercle bacilli) 
were prepared with a mechanical emulsifier devised in our labora- 
tory and described b}’ Corper and Cohen, (1936). One emulsion, 
(Emulsion A) was prepared from a 2-week old culture grown on 
“C.P.” agar medium, and the other, (Emulsion B) was prepared 
from a 3-day old culture which had been grown on “Purified” agar 
medium through two generations. These w’ere used to seed 
variations of “Sohd Purified” medium w’hich irere prepared by 
adding 2 per cent of purified agar to “Purified” medium in winch 
different concentrations and combinations of the following sub- 
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stances were incorporated: ferric ammonium citrate, manganous 
sulfate, vitamin C, calves’ lung extract, calves’ heart extract, 
chicken liver extract, ethylenediamine, and copper sulfate. 
These variations were prepared in quadruphcate and were then 
divided into two sets of duplicates. The first set was inoculated 
with Emulsion A, the second set with Emulsion B. In each 
instance, growths appeared earlier in the first set. 

The addition of ferric ammonium citrate or other substances, 
did not promote growth on this agar medium, but when copper 
sulfate was used as the additional substance, it was found that 


TABLE 4 

Influence of growth history of culture on growth and pH of subcultures (HS7) 


“PXiniFlED" 
MEDIA NUMBER 

Fe 

NUMBER OP 1 
FLASKS SEEDED 
FROM FLASK C j 

NUMBER OF 
FLASKS SEEDED 
FROM FLASK 6 

OROVTTH AT 
26th DAT 

pH 


mgm. per WOO ce. 





la 


4 


2 

7.1 

lb 



3 

5 

6.9 

2a 

7.5 

4 


3 


2b 

7.5 


3 

4 

6.0 

"C.P.'’ MEDIA 






3a 


3 


4 

7.2 

3b 



4 

6 

6.8 

4a 1 

7.5 

3 


5 

6.9 

4b 

7.5 


4 

6 

6.0 


The culture of H37 in flask a was grown on “Purified” media, that in flask b 
was grown on “C.P.” media, to which iron was added. Each was inoculated 
from the same culture, which was grown on "Purified” media for 18 weeks. 


in the first set, the initial growth was retarded and ultimate 
growth impaired at concentrations of 1:24,000 to 1:48,000, 
while there was no growth at all with a concentration of 1 : 6,000. 
In the second set, copper sulfate inhibited only the initial growth, 
while ultimate abundant growths were obtained with a con- 
centration of 1 : 3,000, the highest concentration used. 

These data prove that the history of the growth of the “moth- 
er” cultures of tubercle bacilli is most important. 

In these experiments, we also used diphenylamine as an addi- 
tional substance, and have observed that a concentration of 
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1:20,000 prevented growth of tubercle bacilli. A concentration 
of 1 : 135,000 retarded initial growth and yielded ultimate sparse 
growths. This is of particular interest because similar eSects 
were obtained by Kharasch, et al. (Kharasch, Conway and Bloom, 
1936) in the case of Staphylococcus aureus, Pseudomonas pyo~ 
cyanea, Serratia marcescens, Torula rosea, Sardna lulea, Spirilhim 
ruhruvi, and Aspergillus niger, on the different media thej' used. 

No attempt was made to study the morphologj'’ of the bacilli, 
their pathogenicity, or immunological effect in the present work, 
and no study was made of the products elaborated. The primary 
object was to make a preliminary survey to determine where 
consistently decisive and controllable trends could be obtained. 
It was our experience that many factors, only some of them con- 
trollable, had an effect on the growth of tubercle bacilli. The 
manner in which diphenylamine exerted its effect, however, is 
positive irrespective of the extraneous and inherent factors in- 
volved. Its inhibitory action was decisive (although quantita- 
tively different) with all of the media used ha this investigation- 
This is of interest; and further results obtained with diphenyl- 
amine and similar compounds will appear in a subsequent paper. 

SHRmiARY 

1. Long’s synthetic medium which was prepared from "C.P." 
or "Reagent” grade chemicals, and to which no iron was added, 
ydelded more than twice as much growth of H37 as "Purified” 
Long’s medimn, which was prepared from purified reagents. 

2. The addition of iron salts to "C.P.” medium, i.e., Long’s 
sjmthetic medium from which iron was oniitted, promoted growth 
only slightly. 

3. Non-ferrous catalysts added to "Purified” medium did not 
promote growth. The addition of iron salts to "Purified 
medium, particularly in conjunction with copper, manganese, or 
pyroantimonate ions, either singly or in combinations, yielded 
more than a twofold enhancement of growth of H37, as compared 
with "Purified” media alone. 

4. Copper sulfate in minute traces retarded initial growth, 
and in concentrations greater than 1:3,000, prevented growth 
altogether. 
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5. Potassium pyroantimonate yielded earlier and more abun- 
dant growths. 

6. Manganous sulfate yielded similar results. 

7. The pH of the substrates of the cultures and the early 
appearance of growth appear to be controlled by the growth 
history of the inoculating ■ culture as well as the nature of the 
media used. 

8. Diphenylamine retarded initial growth in high concentra- 
tions around 1:150,000, and prevented ultimate growth in con- 
centrations greater than 1:20,000 in all media used. 
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The work of Furth and Landsteiner (1928), (1929); White 
(1929), and Boivin, Mesrobeanu and Mesrobeanu (1933a), has 
indicated that polysaccharide extracts obtained from Salmonella 
will yield precipitations with homologous antisera. These tests 
show cross reactions paralleling those of agglutination and con- 
forming to the antigenic classification of Salmonella based on the 
somatic, 0 antigens (White, 1926; Topley and Wilson, 1936; 
Kauffmann, 1937). Our interest in examining the antigenic 
relationship of polysaccharide materials extracted from various 
Salmonella developed from finding a method for obtaining readily 
the mucoid phase (Beckwith and Morgan, 1937a). This tech- 
nique was found to be applicable to strains of Eberthella iyphosa 
for production of heavily encapsulated organisms (Beckwith 
and Morgan, 1937b) and thus a higher content of polysaccharide 
became available. 

This study has included an attempt to determine the antigenic 
relationships of polysaccharides extracted from two strains of 
E. iyphosa and one strain each of Salmonella paratyphi A, S. 
paratyphi B, S. paratyphi C, S. aertrycke, S. enteritidis, S. pullorum 
and S. suipestifer. 


MATERIALS AND METHODS 

The nine cultures used were smooth stock strains grown on 
nutrient agar slants and stored in the refrigerator. Before using, 
biochemical reactions were checked and compared with the re- 
actions as given in Topley and Wilson (1936). 
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To obtain growth of mucoid character, agar slant cultures were 
transferred daily three times with incubation at 37°. They, 
then, were streaked 'to 1 per cent glucose beef-agar plates, and 
these were incubated at 16°C. for four days. The mucoid growth 
was suspended in physiological saline containing 1:10,000 
merthiolate. 

Antisera for the mucoid antigens were prepared by injecting 
adult, albino rabbits intravenously at 2-day intervals for a period 
of six weeks until animals had received a total of 14 cc. of an 
antigen containing 2 X 10® organisms per cubic centimeter. 
Blood was obtained one week after the last immunizing dose and 
the serum prepared. 


AGGLUTINATION TESTS 

For agglutination, an antigen of organisms in the smooth 
phase was used, as mucoid organisms are stated by White (1926) 
to be clumped only with difficulty by the homologous antisera. 
Cultures of the nine organisms were grown on nutrient agar in 
Blake bottles for 48 hours at 37°C. and then suspended in phys- 
iological saline containing 1:10,000 merthiolate. The suspen- 
sions were diluted to uniform turbidity. 

One-haK cubic centimeter of each of the nine antigens was 
added to f cc. of dilutions of serum which ranged from 1:10 to 
1:1280. Readings for complete and partial agglutination were 
made after two hours in a 37°C. water bath and then overnight 
in the refrigerator. The observations of these tests are summa- 
rized in table 1. The two animals injected with the antigen of 
Salmonella pullorum showed no production of antibodies. 

POLYSACCHARIDE EXTRACTION 

The method for obtaining the polysaccharide is a modification 
of the technique of Heidelberger, KendaU and Scherp (1936) who 
worked with pneumococci. Instead of using 1.2 volumes of 
95 per cent alcohol to precipitate the polysaccharide, 4 volumes 
were employed, as the work of White (1929) indicated that this 
concentration was necessary in order to precipitate the specific 
substance of Salmonella aertrycke, S. enteritidis, S. suipeslifer 
and E. typhosa. 
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Mucoid growth of the nine organisms was suspended in physio- 
logical saline containing 1 : 10,000 merthiolate and poured into a 
flask containing glass beads. The suspension remained in an 
incubator at 56° for 3-6 hours and then was shaken for 1 hour 
mechanically. The emulsion was centrifugaUzed at high speed 
for I hour and the precipitate of cells discarded. The super- 
natant was poured into a large flask. To 50 cc. of this super- 
natant, 0.5 gram of sodium acetate was added and then 4 
volumes of 95 per cent alcohol, slowly and with continuous shak- 

TABLE 1 

Cross agglutination reactions 


DILTTTION OF AOTISEKA 


ANTIGENS 

s 

a 

<0 

o 

*<; 

C). 

pq 

oa 

es 

o 

% 

(3 

u 

Q 

R. 

tQ 

es 

w 

o 

p. 

CQ 

O 

a 

k. 

o 

P. 

CQ 

S. aertrycke 

'•0 

*5 

E 

ff 

k 

-■> 

S 

CQ 

S 

a 

fe 

'a 

A 

CQ 

E. typhosa (Tl) 

1,280 

1,280 

160* 

10 

10 

10 

80 

0 

0 

E. typhosa (T8) 

640 

1,280 

20 

10 

10 

10 

80 

0 

0 

S. paratyphi A 

40* 

20* 

1,280 

80 

0 

10 

10 

0 

0 

S. paratyphi B 

0 

0 

20 

640 

10* 

80 

0 

0 

0 

S. paratyphi C 

0 

10* 

0 

0 

80 

10* 

0 

80 

0 

jS. aertrycke 

0 

0 

40 

160 

0 

1,280 

0 

0 

0 

S. enteritidis 

40* 

80* 

20 

0 

0 

0 

160 

0 

0 

jS. suipestifer 

0 

0 

0 

0 

20 

0 

0 

80 

0 

S. pullorum 

80 

40 

20 

0 

0 

0 

80 

0 

0 


Figures represent the highest dilution of serum that gave complete agglutina- 
tion after standing overnight in the refrigerator. 

0 indicates no agglutination obtained. 

* Partial agglutination only obtained to this dilution. 


ing. The mixture was placed in the refrigerator overnight, 
after which most of the alcohol was decanted. The suspension 
was centrifugaUzed, the supernatant discarded and the precip- 
itate of polysaccharide resuspended in physiological saUne. To 
50 cc. gray and opalescent suspension of the polysaccharide 
2 grams of sodium acetate were added and the fluid was made 
faintly acid to Utmus by glacial acetic. Four volumes of 95 per 
cent alcohol were added to reprecipitate the polysaccharide. 
This resuspension and reprecipitation were repeated three times 
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for purification. The polysaccharide was finally suspended in 
physiological saline containing 1 : 10,000 merthiolate. 

These colloidal solutions of the polysaccharide complexes gave 
faintly positive biuret and strongly positive ninhydrin tests 
which indicate the presence of peptide linkages. Millon and 
Hopkins-Cole tests were negative. Esbach (picric acid) and 
Exton (sulpho-salicylic acid) tests for intact protein were nega- 
tive. The Molisch test for carbohydrate was strongly positi\'e. 
The iodine test for glycogen was negative. These tests were 

TABLE 2 

Cross precipitaiion reactions of polysaccharides 


ANTISEBA DILUTED I 2,5 


ANTIGENS DILUTED 

1 500 

b 

« 

p. 

^ i 

CO 

H 

a 

§ 

•5* 

j 

Q 

1. 

Q 1 

P. 

CO 

o 

Ik 

e 1 
a 

CO 1 

O 

o 

h. 

Q 1 
C. 

cq' i 

% 

e 

CO* 

•» 

"5 

1 

c 

V 

Co 

1 

•5 

u 

p> 

1 1 
CO 

t 

u 

*5 

CO 

E- iyphosa (Tl) 

-| — 1 — h 


1 

1 

+ 

zk 

i 

1 

kz 

B 

H 

E. iyphosa (T8) 

+-t-h 

++++ 

++ 

+ 



++ 

B 


E. paratyphi A 

+ 

+ 

'+++ 

+ 


± 

\ ± 



S. paratyphi B 

1 + 

+ 

++ 

I++ 

— 

;+++ 

- 



S. paratyphi C 


db 

— 

- 

++ 

- 

— 

+-t- 


S. aertrycke 

— 

i — 

+ 

+ 

— 

+-t+ 

; — 

1 "* 


S. enleritidis 

++ 

+ 

+ 

± 

— 

— 

-t-f + 

— 


S. suipeslifer 

~ 

— 

— 

— 

+-f 

— 

— 



S. pullorum 

++-1' 


+ 

+ 

— 

— 

-f-t 

B 

B 


— to -I — [-++ indicate the degree of precipitation; d; precipitation recorded 
with aid of hand lens. 


carried out on solutions of polysaccharide complexes containing 
from 4.3 to 13.5 milligrams per cubic centimeter. The intensity 
of the biuret test varied directly with the concentration of 
polysaccharide present in the solution. 

The amount of polysaccharide in each of the solutions was 
determined by the weight of the residue when a measured volume 
was dried for 24 hours at 80"90°C. Dilutions of 1 ' 500, 1 . 1000 
and 1 : 5000 by weight were prepared. The immune sera were 
diluted to 1:2.5 with physiological saline. To J cc. of the di- 
luted serum, | cc. of the various dilutions of antigens were added. 
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As controls, \ cc. of the 1:500 antigen was added to | cc. of 
normal rabbit serum and to ^ cc. of saline. The tubes were 
shaken and placed in a water bath at 37°. Readings for the 
amount of precipitate formed were made at the end of 2 hours at 
37° and after storage overnight in the refrigerator. The amount 
of precipitation was recorded as ± to + + + +. To summarize 
the results, table 2 records the amount of precipitate in the 
tube containing the 1:500 dilution of antigen. 

The results of the cross agglutination and cross precipitation 
tests seem to justify the conclusion that the protein-free polysac- 
charides obtained by the extraction of mucoid cultures of E. 
typhosa, S. paratyphi A, B and C, S. aertrycke, S. enteritidis, S. 
suipestifer and S. pullorum represent a portion at least of the 
surface antigen of the organisms. The polysaccharide complex 
seems to contain all of the major factors of the 0 antigen as the 
cross reactions obtained in the agglutination tests are confirmed 
by the precipitation reactions. Both of these series conform to 
the cross reactions expected on the basis of the White-Kauffmann 
antigenic classification of Salmonella based on the 0 surface 
antigens. 

EXPERIMENTS USING ANTISERA PREPARED AGAINST 
POLYSACCHARIDE EXTRACTS 

Using various methods for extraction of the polysaccharide 
complex, Boivin, Mesrobeanu and Mesrobeanu (1933b); Rais- 
trick and Topley (1934), Morgan (1937) and Henderson and 
Morgan (1938), prepared extracts from S. aertrycke, Shigella 
dysenteriae (Shiga) and E. typhosa which would produce agglu- 
tinins for the cells and precipitins for the polysaccharide com- 
plexes when used to immunize animals. These extracts yielded 
negative outcomes for intact protein but usually gave positive 
biuret and ninhydrin tests and a strongly positive Mohsch re- 
action. The chemical analyses of Boivin, Mesrobeanu and 
Mesrobeanu (1933b) and Morgan (1937) indicate that these 
substances are polysaccharide-lipoid complexes; the polysac- 
charide is the soluble specific substance which had been isolated 
in earlier work. 
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Our material seems to have some of the same characteristics 
as the antigenic extracts of the above investigators. To de- 
termine whether our preparations were antigenic, adult albino 
rabbits were i mm unized with each of the nine extracts. Each 
animal received the same weight which was as follows: intra- 
cutaneously, 13.7 mgm.; subcutaneously, 17.5 mgm.; intraper- 
itoneally, 35 mgm. and intravenously, 10 mgm. This totals 
76.2 mgm. The earlier injections were administered intracu- 

TABLE 3 

Cross agglutination reactions using antisera prepared with polysaccharide extracts 


DILOTION or ANTISERA 


ANTIGENS 

P 

(3 

*9 

o 

•c 

E. iyphosa (T8) 

» 

k. 

C3 

Cl. 

cq 

a 

w 

o 

p. 

to 
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u 

•je 

o 

:s> 

t. 

b 

e 

cq 

« 

1 

c 

w 

CO 

U 

•C 

S 

,p. 

S 

•» 

<6 

E 

a 

*3 

R. 

to* 

B. Iyphosa (Tl) 
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640 

20* 

10* 

10* 

10* 

40 

0 

40 

E. Iyphosa (T8) 

320 

640 

40* 

10* 

40* 

10* 

20 

0 

20 

S. paratyphi A 

40* 

40* 

80 

40* 

0 

0 

10 

0 

10 

<S. paratyphi B 

20* 

20* 

80* 

80 

0 

40 

20* 

0 

10* 

S. paratyphi C 

0 

0 

0 

0 

160 

0 

0 

80 

0 

S. aertrycke 

0 

0 

0 

10 

0 

80 

0 

0 

0 

S. enteritidis 

40* 

10 

0 

0 

0 

0 

160 

0 

20 

S. suipestifer 

0 

0 

0 

0 

40 

0 

0 

80 

0 

S. pullorum 

160 

160 

10* 

10* 

0 

10* 

80 


80 


Figures in the table represent the highest dilution of serum that gave complete 
agglutination after standing overnight in the refrigerator. 

* Partial agglutination only obtained to this dilution. 

0 indicates no agglutination obtained. 

taneously and subcutaneously because the material was to.xic 
to the animals.^ 

A week following the final immunizing dose, the animals were 
bled and serum prepared. All treated animals showed produc- 
tion of agglutinins and precipitins. 

AGGIiUTINATION TESTS 

Agglutination tests were made using the technique outlined 
previously. Table 3 summarizes the results. 

1 Two adult albino rabbits receiving 2 mgm. of extract of E. iyphosa intra- 
venousb' died within 3 hours. 








RELATIONSHIPS OP POLYSACCHARIDES 


395 


PRECIPITATION TESTS 

Cross precipitation tests were set up as before using the anti- 
sera prepared with the polysaccharide extracts. The precipi- 
tations are summarized in table 4. 

The precipitation tests give striking confirmation of the cross 
reactions obtained by agglutination. The antisera prepared 
with the antigenic polysaccharide extracts give the same cross 
reactions as those obtained with antibacterial sera. The ex- 
tract therefore must contain the 0 antigens of the cells. 

TABLE 4 

Cross 'precipitation reactions using antisera prepared with polysaccharide extracts 


ANTISEHA DILUTED 1:2.5 


ANTIGENS DILUTED 

1:500 
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H 
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0 
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a 
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++++ 
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± 

+ 
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+++ 
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+++ 

+ + + + 

± 

4- 


+ 
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+++ 

S. paratyphi A. . . 

+ 

+ 

++ 

+ 

— 

+ 

— 


+ 

S. paratyphi B — 

+ 

± 

+ 

++ 

+ 

++ 

- 


- 

S. paratyphi C. - ■ ■ 


— 

— 

— 

+++ 

— 

— 

++ 

— 

S. aertrycke 

— 

— 

— 

++ 

— 

+++ 


— 

— 

S. enteritidis 

++ 

+ + + 

— 

± 

— 

— 

+++ 

— 

+ 

S. suipestifer 

— 

— 

— 

— 

+++ 

± 

— 

H — 1 — h 

— 

S. pullorum 

++ 

+++ 

± 

± 

— 

+ 


± 

++++ 


— to ++++ indicate degree of precipitation after standing overnight in 
refrigerator; ± precipitation recorded with aid of hand lens. 


SKIN REACTIONS 

Animals immunized with bacterial antigens have been found to 
show skin sensitivity to homologous polysaccharides. Zinsser 
and Parker (1923) noted that animals immunized with intra- 
cutaneous injections of E. typhosa presented cutaneous reactions 
after the injection of an extract of E. typhosa. This material 
was precipitated by alcohol and gave negative bimet, jN'Iillon 
Hopkins-Cole and sulpho-salicylic acid tests for protein. Francis 
and Tillet (1931) foimd that animals immunized against pneu- 
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mococci demonstrated type-specific cutaneous reactions wlion 
the specific capsular polysaccharides were injected. 

Each of the animals immunized with bacterial antigens re- 
ceived intracutaneously 0.3 cc. of a preparation containing 5 
mgm. of the polysaccharide complex per cubic centimeter. Ile- 
actions were read at 24 and 48 hours. The results were not in 
accord with previous immunological observations of similar 
nature because the non-immunized controls hkewise showed 
cutaneous responses to the injections. This response usually 
consisted of an erythematous area of f to If cm. in diameter 
with a raised center. One to two weeks after the injection, a 
round, firm lump f cm. in diameter usually formed at the site of 
injection. This was filled with a white exudate of the consist- 
ency of lard surrounded by a well defined wall of fibrous tissue. 
There was no indication of infection. These sterile abscesses 
occurred in animals both immunized and untreated. 

DISCUSSION 

The cross reactions obtained by use of agglutination and pre- 
cipitation with the anti-bacterial and anti-polysaccharide com- 
plex antisera are in accord with the antigenic classification of 
White (1926), Topley and Wilson (1936) and Kauffmann (1937). 
The immunological relationships given by E. typhosa, S. enter- 
itidis and S. pullorum would be expected as they share the 0 
antigen IX and the accessory factor XII. Cross reactions in 
precipitation tests between E. typhosa and S. enteritidis were 
obtained also bj^ Furth and Landsteiner (1928), (1929) using 
anti-bacterial sera and non-antigenic polysaccharide extracts. 
The cross reactions between E. typhosa and S. paratyphi B are 
explained by the common content of the accessory 0 antigen 
XII. Furth and Landsteiner (1928), (1929) noted this rela- 
tionship. Co mm on precipitation and agglutination of E. typhosa 
and S. paratyphi A is not accounted for by the presence of a 
common identified 0 antigen. 

The marked antigenic relationship between S. paratyphi^ B 
and S. aertrycke as indicated by the agglutination and precipi- 
tation tests is in conformity with their common possession of 
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the 0 antigens I, IV, V and the accessory factor XII. This 
relationship is reported by Raistrick and Topley (1934) and 
Boivin and Mesrobeanu (1937) using their antigenic polysac- 
charide complexes and antisera prepared with them for precip- 
itation tests. Antigens VI and VII shared by S. 'paratyphi C 
and S. suipestifer account for their close antigenic relationship. 

The immunizing activity of the polysaccharide extract pre- 
pared indicates that it contains all of the factors of the 0 antigen 
of the organisms identified in the White-Kauffmann scheme of 
classification. It is antigenic though free from demonstrable 
intact protein. Its properties indicate that it is similar or 
identical to the antigenic extracts prepared by Boivin, Mesro- 
beanu and Mesrobeanu (1933b), Raistrick and Topley (1934) 
and Morgan (1937), which are probably polysaccharide-lipoid 
complexes. 

The tendency of the polysaccharide extract on intracutaneous 
injection in rabbits to form sterile abscesses is of interest. Ob- 
viously this action is not related to sensitivity as it occurs in 
normal as well as in immunized animals. The response which 
forms a sterile abscess indicates some peculiar property of the 
extract. 

The polysaccharide extract may contain inert materials since 
White (1929) found that precipitation of the polysaccharide of 
S. aertrycke with 2 volumes of alcohol produced material sero- 
logically inert while 4 volumes caused the specific substances to 
precipitate. However, in the precipitation tests with our 
polysaccharide extract, aU of the material was thrown down by 
the immune sera for the supernatant was clear. 

The authors are indebted to Mr. H. C. Upham for technical 
aid in this work. 


SUMMARY 

1. An extract of polysaccharide prepared from mucoid cultures 
of Eberthella typhosa, Salmonella paratyphi A, Salmonella para- 
typhi B, Salmonella paratyphi C, Salmonella aertrycke, Salmonella 
enteritidis, Salmonella suipestifer and Salmonella pullorum gave 
cross precipitation tests which parallel the cross agglutination 
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reactions obtained by use of antibacterial sera for these organ- 
isms. These cross reactions conform to the antigenic classifi- 
cation of White and of Kauffmann. 

2. These polysaccharide extracts free of intact ’ protein give 
rise to the formation of precipitins for the polysaecharides and 
agglutinins for the organisms when used to immunize rabbits. 

3. The antisera prepared against the polysaccharide e.\tracts 
show all of the cross reactions of the antibacterial sera in tests by 
agglutination and precipitation. 

4. The intracutaneous injection of the polysaccharide in nor- 
mal or immune rabbits leads to the formation of sterile abscesses. 
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Gram-negative cocci found in samples of purulent spinal fluid 
during routine laboratory examinations are apt to be reported 
as meningococci without further confirmation. While the men- 
ingococcus no doubt is the most common gram-negative coccus 
associated with acute meningitis, there are many others which 
play a r61e, particularly in sporadic cases. Error in diagnosis 
is also apt to occur in certain cases of meningitis caused by 
metachromatic cocci or by gram-positive cocci if the Gram stain 
is improperly applied, and also as a result of the fact that cocci, 
ordinarily gram-positive, may be decolorized when they are 
dead or phagocyted. Recognition of these problems and greater 
care in laboratory diagnosis will prevent wasting antimeningo- 
coccus serum in disease not caused by typical meningococci and 
may help to explain the failure of specific antimeningococcus 
serum in certain instances. 

Branham, Mitchell and Brainin, (1938) recently pointed out 
the difficulties attending the differentiation of even such well- 
known bacteria as gonococci from the meningococcus in cases 
of meningitis. Many of the strains of gonococci which they 
studied were agglutinated by polyvalent antimeningococcus 
serum. Sugar fermentation reactions were somewhat more re- 
liable in differentiation but the most fundamental differences 
appeared in cultural studies pertaining to colony morphology 
and growth requirements. Even more confusion in diagnosis 
is apt to arise in dealing with other gram-negative cocci such as 
Micrococcus catarrhalis, Micrococcus florens, M icrococcus crassus, 
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Micrococcus flams and other still unnamed varieties, or when 
multiple infection with two or more strains occurs. German 
bacteriologists thirty or forty years ago were especially concerned 
with the problem and many of their publications are referred 
to in the papers of Forbes (1920) and others. A prolonged con- 
troversy arose as to whether the different atypical microorga- 
nisms encountered were (a) separate and distinct types of 
bacteria, (b) variant or mutant forms of the meningococcus, 
(c) secondary invaders, or (d) contaminants. The problem is 
illustrated in the following two case reports and studies, the first 
of which apparently involved an atypical gram-negative coccus; 
and the second, a type I meningococcus with unusual growth 
characteristics, together with an atypical staphylococcus. 

Accurate knowledge of a complex problem is always desirable. 


Case 1 (by courtesy of Dr. I. McQuarrie). A girl, aged 7, suddenly 
vomited and had diarrhea and headache. She was admitted to the 
pediatric department of the University of Minnesota Hospital four days 
later with a diagnosis of memngitis. Rigidity of the neck, Kernig’s 
sign and other disturbed reflexes were noted. A blood culture was 
negative. The spinal fluid was imder normal pressure, but was turbid, 
contained 68 leukocytes per cu. mm. (56 per cent poljmorphonuclcar 
cells) and numerous extracellular and intracellular gram-negative 
diplococci, which were reported to be meningococci. Antimeningo- 
coccus serum was promptly injected intraspinously and subsequent 
doses were given daily for 6 days. The child improved and her tem- 
perature returned to normal about 10 days after admission to the 
hospital. 


Bacteriologic studies. Gram-negative cocci were seen in smears 
from the spinal fluid before serum injection and on the day 
after. They were cultivated from the same samples of fluid 
and also from spinal fluid taken on the fourth day of treatment. 
Growth was obtained from the spinal fluid only in liver-peptone- 
broth tubes. The broth became turbid after 24 hours at 37°C. 
and no sediment or pellicle formed. Subcultures grew on ordi- 
nary laboratory media at temperatures between 10° and 37°C., 
better toward the higher level. On plain agar and blood agar 
plates the colonies after 24 hours at 25°C. were about a millimeter 
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in diameter, dull, grayish and translucent. Several days later, 
the colonies measured 3 or 4 millimeters in diameter and opaque 
3 ''ellowish-gray sectors and wedges formed in many of the colo- 
nies. Subcultures of the translucent portions reproduced trans- 
lucent colonies with later opaque sector development. Subcul- 
tures of the opaque area produced similar opaque colonies (fig. 1) 
in which translucent sectors and wedges appeared after a few 
days. In one opaque point colony a large translucent wedge 
formed and at the edge of the translucent portion an opaque 
wedge developed. The cocci from both forms were identical in 
morphology and in biological behavior. They were usualty 



Fig. I. Colonies About Two Weeks Old from Culture Obtained in Case 1 
Magnified about X G. Several translucent sectors are shown in the opaque 
colonies. 

gram-negative but, unless thoroughly decolorized, manj^ retained 
the purple color, especially in old cultures. The cocci were 
oval or spherical, usuall}’' in pairs with adjacent sides flattened, 
occasionally single or in clusters. The long axis of the diplo- 
forms was at right angle to the line of union. There was marked 
variation in size. Cocci from both opaque and translucent colo- 
nies caused hemotysis on blood agar, formed an acid coagulum 
in milk after 7 days at 37°C, slowly liquefied gelatin, caused no 
change in maltose, mannitol, or sucrose broth, but formed acid 
after 7 daj'^s in glucose and less in lactose broth. No agglutina- 
tion occurred in various tjqies of antimeningococcus serum 
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obtained from Dr. C. P. Miller of Chicago, from Dr. S. Branham 
of Washington and from commercial sources. Broth culture? 
were a^drulent when injected intraperitoneallj^ into white mice, 
guinea pigs and rabbits. 

It is obvious that the bacterium is not a meningococcus nor 
does its behavior coincide in all respects with the criteria laid 
down for Micrococcus catarrhalis, Micrococcus florens (Davison, 
Davison, and Miller, 1917), Micrococcus crassus (Elser and IJun- 
toon, 1909), Micrococcus jlavus and others (Branham, 1930). 
It has manj'’, but not all of the characteristics of each of the 
varieties named, but for reasons given in the discussion it docs 
not seem desirable to give the strain a new name. 

The second case apparently involves the problem of dual 
infection and of type transformation which confronted Von 
Hibler (1907), Stoevesandt (1908), Forbes (1920), Kdhliscl), 
(1915), McDonald (1908), Kempf, Gilman and Zerfas (1933) 
and others (Sen, 1936). 

Case 2. A young man, age 23, was said to have had nioningiti" 
following sinusitis in 1932. On April 10, 1936 he noted sore tliront and 
awakened the next daj^ with severe headache followed by vomiting 
and chills. He was then admitted to the Student Hcaltli Service of the 
University of IMinnesota Hospital. His throat was inflamed and a 
shallow ulcer was seen in the right tonsillar fossa. His neck wfv 
slightty rigid; there was general lij^perestliesia of the skin, hut no 
disturbance of reflexes until later in the day wlien Kernig’s sign ap- 
peared. The leukocytes numbered 27,000 and a gram-positive coccvi' 
was cultivated from the blood. The spinal fluid was under 24 mm. of 
mercury pressure and contained 8000 cells of which 70 per cent wcic 
pobnnorphonuclear. A direct smear of the spinal fluid e.xamined in 
the Minnesota State Board of Health laboratory shoAved numcroiv 
intracellular gram-negative diplococci. The patient was then given 
antimeningococcus semm intraspinally and intramuscularly. TIicio 
was considerable improvement in his condition on the following day. 
but the neck was still rigid. His temperature declined ami became 
normal after several day^s. 

Bacferiologic shidies. As a part of a routine procedure, por- 
tions of the same specimen of spinal fluid rvere sent to the Mm- 
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nesota State Board of Health laboratory and to the University 
Hospital laboratory. The former reported the presence and 
subsequent cultivation of typical meningococci and the hospital 
laboratory reported the presence of gram-positive intracellular 
diplococci. The gram stain of the latter was retained even 
when decolorization was carried to the point at which all color 
was gone from the nuclei of the leukocytes in the smear. 

The meningococcus. Because of the different reports from 
the two laboratories, cultures of the meningococcus first isolated 
were sent to Dr. C. P. Miller and to Dr. Sara Branham both of 
whom confirmed its identity as type I meningococcus. The 
strain was subsequently tested in our laboratory and found to 
have certain vmusual characteristics. The culture from a 
Loeffler medium slant was seeded in 9 stab punctures in a deep 
(10 mm. thick) plain agar plate. After 48 hours at room tem- 
perature growth appeared at 3 of the 9 points of inoculation. 
The colonies were translucent and composed mostly of gram- 
negative diplococci, but, here and there, were found dis- 
tinctly gram-positive cocci, even after thorough decolorization. 
Another culture was made in a 100 cc. flask of broth and incu- 
bated 6 days at ST^C. Subcultures on plain agar showed two 
forms of colony, large and small, composed of similar cocci most 
of which were gram-negative, but a few were gram-positive. 
Numerous tetrads were present and the cocci were pleomorphic 
and metachromatic. 

The Gram-positive cocci isolated in the hospital laboratory. 
Gram-positive cocci, which were cultivated from the spinal fluid 
and from the blood before serum treatment, and from the spinal 
fluid on the day after, were apparently identical. Subsequent 
cultures from the blood and spinal fluid were sterile. Fluid 
from the second spinal fluid specimen was inoculated in numerous 
stabs in a plain agar plate and growth occurred at each site, 
the colonies measuring 2 mm. after 6 days at 25°C. 

A culture in liver-peptone-broth from the first specimen was 
plated on plain agar. Three forms of colonies appeared (1) 
many small translucent ones, (2) several larger, thicker, opaque 
brownish ones and (3) a few opaque white ones. The appearance 
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of a variety of colonies was similar to the experience reported 
in a case of meningitis caused by Micrococcus teiragcmis, and 
was regarded as e^ddence of variation in a single strain of bac- 
teria. Subcultures from each of the colony t3T)es bred true. 
The brown colonies on occasion developed both translucent and 
white forms as wedges or daughter colonies. The cocci isolated 
from the blood first produced colonies of the white type, and in 
later subcultures similar translucent, and the brownish, forms 
appeared. 

Cocci from all three colony tj^es were gram-positive and 
were arranged singly, in pairs, in tetrads and in clusters like 
staphjdocoeci. Certain characteristics of the three tj'pes are 
shown in table 1. 

TABLE 1 


Maltose mannitol lactose glucose sucrose milk gelatin hemolysis 


White 

• • -i— b 

— + 

+ 


Ft. acid 

Liquefied 


Brown 

.. + 

- + 


-f* 

Acid 

Liquefied 

+ 

Translucent 

.. •+■ 


+ 

■r 

Thick coagulum 

Liquefied 

-b+ 


Tests made by Dr. W. A. Kreidler. 


Cocci from all three forms were avirulent for white mice after 
intraperitoneal inoculation. Agglutination tests were negative 
in serum obtained from the patient, but were irregularly positive 
in low dilutions of several samples of antimeningococcus serum, 
regardless of source or type. 

We believe that the patient had primarj’- meningococcus 
meningitis and was host to a staphylococcus which became a 
secondarj’- invader. The three colony forms were regarded as 
variants of the strain of staphylococcus in question. It is too 
remote a possibilitj’" to suggest that the staphjdococcus was a 
mutant form of the meningococcus. A few experiments were 
made to determine whether or not growth of meningococci in 
the liver-peptone-broth used in om- laboratory tended to trans- 
form them into gram-positive cocci. Nine strains of menin- 
gococci were grown for various periods up to 6 months in iiver- 
peptone-broth. Transplants were made once or twice a week. 
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Plate cultui’es from these tubes at various times revealed the 
usual type of colony which was smooth and transparent, and two 
variant forms, one, rough and the other, moist and sticky. 
No gram-postive cocci were encountered from any of the colo- 
nies examined. 

It is probable that under ordinary routine diagnostic con- 
ditions the gram-positive cocci isolated from the patient’s spinal 
fluid in our laboratory would be disregarded or dismissed as 
contaminants, yet the presence of identical cocci in the blood 
and similar experiences of other observers, notably Kohlisch 
(1915) and Kempf and his associates (1933), show that the 
occurrence of more than one species of bacteria in cases of 
meningitis is not unco mm on. 

DISCUSSION 

The problem in both cases appears to involve the question of 
bacterial variation or type transformation as described previously 
(Reimann, 1935) in a case of meningitis caused by Micrococcus 
tetragenus in which three colony forms of Micrococcus teiragenus 
were immediately detected and later 13 additional variant forms 
of the original strain were isolated. These various t3q)es derived 
from each other differed considerably in several of the biological 
tests commonly used. Certain of the differences were as great 
or greater than those which are customarily used to separate 
and identify the closely related strains of the Neisseria group 
and the various atypical meningococcus strains (Reimann, 1937). 
In case 1, the gram-negative bacterium showed two colony forms 
neither of which had characteristics to identify it with pre- 
viously established varieties. It was not determined however, 
whether they were variant forms or types of certain known 
varieties or a separate variety. It is obvious, however, that not 
all gram-negative cocci found in the spinal fluid in cases of men- 
ingitis are meningococci. 

The problem in case 2 was still more complicated. The 
tjrpe I meningococcus recovered grew on plain agar at room 
temperature, which is at variance with all but a few descriptions 
of meningococci, and further, many of the cocci retained the 
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gram stain. The latter observation was similar to that of 
McDonald (1908) and others, yet Murray (1929) voices the general 
opinion that meningococci are never gram-positive. Two 
colony types were observed in old cultures as noted also by j\Ic- 
Donald (1908) and Canti (1918). 

The gram-positive cocci isolated from the spinal fluid and from 
the blood, might have been looked upon either as mutation forms 
of the meningococcus as suggested by Kohhsch (1915), or as 
staphylococci and secondary invaders. Here again eiddence of 
type transformation was present among the three colony forms 
derived. There were therefore obtained from the same spinal 
fluid sample five different colony types, namely, two forms of the 
meningococcus and three of the staphylococcus. Under the old 
monomorphic conception of classification these may have been 
mistaken for five separate strains, or as evidence of contamina- 
tion, but in reaUty they represent the variant forms or types of a 
member of the Neisseria group and those of a staphylococcus 
which we believe was a secondary invader. Similar circum- 
stances may have caused the polemic of thirty years ago about 
the relationship between the meningococcus, the Diplococcus 
crassus of Jaeger and Von Lingelsheim, and the staphylococcus. 
Viewed in the light of present knowledge of bacterial variation 
and multiple infection, the problem still seems complicated but 
less obscure. On the evidence submitted, one may suggest the 
following possibilities: first, it would seem that any of a number 
of bacterial strains ordinarily harbored in the nasopharynx 
or elsewhere may become invasive and cause meningitis when 
the resistance of the host is reduced; second, a given strain 
may be present in several variant forms of type or culture 
phase (mucoid, smooth and rough), and third, secondary in- 
fection with another organism with its variant forms may also 
be present. This view of the matter reconciles many of the old 
ideas since it is now known that numerous bacteria may cause 
meningitis and any given strain may manifest itself in a number 
of variant forms. 

One is inclined to doubt with Hadley (1927) and Sherman 
(1937) whether it is possible ever to classify bacteria except on 
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a broad basis. Sugar fermentation, agglutination and other 
tests have lost much of the importance heretofore attached to 
them in differentiation. In our own experience many of these 
tests give inconstant results in the hands of different workers 
and even for the same person working with the same materials 
and same technic at different times. Certain types of bacteria 
indeed seem to have relatively constant characteristics, but 
the evidence of t 3 rpe and culture phase instabihty as demon- 
strated among pneumococci, Micrococcus tetragenus and staphy- 
lococci suggests that similar variation may occur among other 
bacterial species. Evidence of type variation among meningo- 
cocci has aheady been pubhshed (Atkiu, 1925; Branham, 1937). 

SUMMARY 

Two cases of meningitis associated with atypical bacteria 
were studied. From the first patient (case 1), a gram-negative 
diplococcus with characteristics different from other classified 
strains was isolated. The bacterium gave rise to two inter- 
changeable colony forms. From the second case, two species of 
cocci were obtained; one was a type I meningococcus which had 
the unusual abihty to grow on plain agar at room temperature 
and had gram-positive elements, the other was a staphylococcus 
which was represented by three interchangeable colony forms. 

These studies suggest that under ordinary laboratory routine ex- 
amination, atypical colonies may appear on culture plates. Such 
colonies are usually ignored or dismissed as contaminants, but 
they may actually be part of the pattern of variation of the 
bacterium concerned. Recognition of the phenomenon of bac- 
terial variation and type transformation would remove much 
confusion and would probably reduce the number of separate 
varieties of bacteria now beheved to exist. 
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As Garrod (1935) and others have pointed out, there is a 
definite need to test antiseptics by methods which more closely 
approximate the actual conditions of use rather than by arbitrary 
laboratory procedures. 

The agar-plate method suggested by Circular 198, United 
States Department of Agriculture, for testing dusting powders 
is a very convenient method but should be modified to prevent 
misleading results and to simulate m*ore closely actual use. 

In some recent work with antiseptic dusting powders, it was 
found that when powders containing some of the essential oils, 
known to be only slightly bacteriostatic, were placed on agar 
plates in the amounts shown in the U. S. D. A. Circular 198, 
a good zone of inhibition would be produced. When amounts 
actually used in practice were tried, no zone of inhibition was 
obtained. It was then decided to modify the test in such a way 
that the amount of dusting powder would be more nearly equi\"- 
alent to the amount which actually adheres to the skin. 

The method found to be most satisfactory is as follows: 

Several circular shields are cut from 3x5 filing cards. These 
shields have a 10 mm. square cut from the center and a small 
tab to facilitate handling. About twenty-five of these shields 
are placed in a petri dish and sterilized in the hot air oven. The 
agar plates are made and seeded with Staphylococcus aureus, 
as suggested in the U. S. D. A. circular (0.1 cc. of a twenty-four 
hour broth culture to 20 cc. of melted agar pre^^ously cooled to 
42° to 45°C.). Unglazed porcelain-top dishes are used so that 
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tliere will be no collection of moisture on tbe surface of the 
medium. After the agar has hardened, one of the sterile shields 
is lifted onto the surface by means of the tab which is bent so 
that it does not touch the agar. About a gram of the dusting 
powder to be tested is placed on a piece of sterile gauze, approx- 
imately 4 inches square (52 mesh Brookside bunting was used), 
and the corners brought together to form a small bag. The 
powder is dusted from this bag onto the shield until the 10 mm. 
square of agar is just covered. The mask is removed, placed in 
a discard jar, and the petri dish turned upside down to let any 
excess powder fall off. The lid is replaced and the plate incu- 
bated. If desirable at this point, a small spatula of the dusting 
powder may be placed on the agar opposite the 10 mm. square in 
order to compare the results with the U. S. D. A. method. 

When three of the most popular antiseptic dusting powders on 
the market and that prepared according to the formula given 
in the National Formulary for an antiseptic dusting powder were 
tested by this method, the N. F. powder and only one other gave 
zones of inhibition when amounts equivalent to those which will 
adhere to the skin were tested (fig. 1, A). Two of the most pop- 
ular brands which give good zones of inhibition by the U. S. D. A. 
method give no zones at all when amounts actually used are 
tested (fig. 1, jB). 

SUMMAET 

A simple method of testing antiseptic dusting powders which 
more closely simulates the actual conditions of use has been 
described. This test requires the additional use of masks made 
from 3x5 filing cards and a small piece of fine mesh gauze. 

This test eliminates false results due to concentration of es- 
sential oils, standardizes the zone of application of the dusting 
powder, and thereby unifies the results for comparison. 
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In recent communications, Hadley (1937), Dawson (1934) 
and others have pointed out that most, if not all micro-organisms 
exhibit a similar dissociative pattern. Dawson (1934, 1938), 
in studies on the pneumococci and the hemolytic streptococci 
in particular, has shown that the pattern of variation in these 
two organisms is strikingly similar. In view of this, both Daw- 
son and Hadley have proposed that a uniform nomenclature for 
all micro-organisms be adopted to designate the three chief 
phases of dissociation — i.e., mucoid (M), smooth (S) and rough 
(R). 

In 1931, Pittman described a smooth and a rough form for 
Hemophilus influenzae. Smooth strains were characterized by 

(a) the appearance of their colonies, which were large, smooth, 
mucoid, opaque and iridescent in obliquely transmitted Kght; 

(b) the fact that the bacteria were capsulated; (c) the production 
of a soluble specific substance (present in culture filtrates and 
washings of the bacteria). Rough strains formed colonies which 
were rough and irregular in outline, smaller in size than the 
S colonies, less opaque and non-iridescent. The organisms were 
not capsulated, and none of the R strains produced soluble spe- 
cific substance. The S strains were found to be more pathogenic 
for laboratory animals than the R strains. 

Huntington (1935), referring to Dawson’s classification of the 
pneumococci, suggested that the same terminology be adopted 
to designate the dissociative pattern of H. influenzae. Accord- 
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ingly, he applied the term 'Wcoid” to the strains which pro- 
duced mucoid, fluorescent colonies, capsulated organisms and 
soluble specific substance (i.e., Pittman’s S). He went no 
further, however, than stating that the S form was the "ordinary” 
strain and the It the rough variant. 

In previous reports by the authors (Chandler, Fothergill and 
Dingle, 1937; Fothergill and Chandler, 1936; Fothergill, Dingle 
and Chandler, 1937) the problem of variation in H. influenzae has 
been discussed, particularly from the point of view of its relation- 
ship to morphologic, serologic and pathogenic characteristics of 
the organism. The terminology previously employed by them 
to describe the dissociative phases of this organism has not, 
unfortunately, been of aid in clarifying the confused nomencla- 
ture. In the present paper, the problem of variation in H. 
influenzae is reviewed in the light of recent observations on 
microbic dissociation. The data obtained indicate that the 
three-phase system of dissociation holds for this organism. 

The following section headed Experimental is a compilation 
of the authors’ earlier observations, together with additional 
experimental data hitherto unpublished. 

EXPERIMENTAL 

Methods 

Media: broth. To provide the necessary growth factors for 
organism, Filde’s peptic digest-blood was added to ordinary infusion 
broth to a concentration of 5 per cent. 

Plates. In order to study colonial morphology and variation,^ a 
transparent agar medium was used similar to that described by Levin- 
thal and Fernbach (1922). Streak plates were invariably inoculated 
from broth cultures in such dilution as to give widely separated colonies. 
A Zeiss colony microscope was employed in studying colonial inor- 
pholog 5 ^ The presence or absence of fluorescence was determined by 
examining the plates in transmitted, artificial light. 

Capsule stain. Several capsule stains were employed, including 
Hiss’, Wright's and Enders'. 

Precipitin tests. Precipitin tests were performed according to the 
technique described in a previous paper (1936). 

Virulence determinations. Virulence determinations in mice were 
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carried out by the mucin method (Fothergill, Dingle and Chandler, 
1937a). Henceforth, in this paper, the term "mouse-virulence” implies 
its determination by this teclmique. 

Cultures. All strains employed were originally isolated from (a) the 
spinal fluid of patients with meningitis or the blood of patients with bac- 
teremia and (b) the respiratory tract of patients with mild upper 
respiratory infections. All the rough strains referred to in this paper 
were derived from Type h mucoid strains by prolonged growth on arti- 
flcial media or repeated transfer in Type h immime serum broth. 

Characteristics of strains isolated from the spinal fluid of patients 
with H. influenzae meningitis and the blood of patients 
with H. influenzae bacteremia 

Colonial morphology. Large, mucoid, smooth, convex, glisten- 
ing, opaque, markedly fluorescent in transmitted light. 

Morphology of organisms. Capsulated, coccobacilli or short 
rods, uniform in size and staining properties.^ 

Growth in broth. Diffuse. 

Type-specificity. An essentially homogeneous group, sero- 
logically, producing soluble specific substance. 

Virulence. Virulent for man (probably for young children 
and infants only (Fothergill and Wright, 1933)). Virulent for 
mice by mucin technique. 

Stability. Very unstable on primary isolation. Plates of first 
subculture frequently show, in addition to the mucoid colonies, 
a few variants of the rough type. Once growth is established 
in a favorable medium, however, strains become very stable 
and produce only mucoid, fluorescent colonies. Aiter varying 
lengths of time (6 months to 2 years) variants begin to appear. 

Characteristics of strains isolated from the upper respiratory tract 
in non-specific respiratory infections 

A. Predominant strains 

Colonial morphology. Small, smooth, convex, slightly conical, 
bluish, translucent, non-fluorescent in transmitted light. 

* Smears made directly from the spinal fluid frequently showed very pleo- 
morphic forms, but these were replaced by non-pleomorphic coccobacilli after 
subculture. 
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Morphologij of organisms. Non-capsulated coccobacilli or 
short rods, uniform in size and staining properties; larger rods 
occasionally present. 

Growth in broth. Diffuse. 

Type specificity. Serologically heterogenous; specific soluble 
substance not present. 

Virulence. May or may not be virulent for man; slightly 
virulent to avirulent for mice by mucin technique. 

Stability. Relatively stable when freshly isolated, but some 
strains after prolonged growth on artificial media produce colo- 
nies which are rough. Spontaneous reversion to the mucoid 
form has not been observed. 

B. Other strains 

Approximately 80 to 90 per cent of strains isolated from the 
respiratory tract in mild respiratory infections exhibit the 
characteristics listed above. Aside from occasional ‘Hnlcr- 
mediate” forms, the rest of the strains isolated from this source 
fall into (a) the mucoid group and are fluorescent, capsulated and 
type-specific (a, b, c, d, e, or f) (Pittman, 1931; Platt, 1937), 
(b) the rough group and are non-fluorescent, non-capsulated, 
non-type-specific and avirulent for mice. 

Characteristics of strains dissociated by means of prolonged growth 
on artificial media or by repeated transfer in broth 
containing type specific immune serum 

Colonial morphology. Fairly large, rough, slightly convex to 
flat, edge irregular to serrated, translucent or slightly opaque, 
bluish, non-fluorescent in transmitted light. 

Morphology of organisms. Non-capsulated, long rods, clubs, 
filaments, very irregular in size, shape and staining; markedly 
pleomorphic. 

Growth in broth. Granular or flocculent. 

Type specificity. Serologically heterogenous; specific soluble 
substance not present. 

Virulence. Completely avirulent for mice by mucin technique. 

Stability. When fully dissociated, the rough form is very 
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stable over long periods of time. In intermediate stages of 
dissociation, the morphology is more variable. A strain which 
is in the process of changing from S — >• R may suddenly produce 
colonies which are much smoother than the colonies of the 
previous plating. With continued transfer in serum broth, 
however, the culture eventually goes over to the R phase. Con- 
comitantly with this S R shift, there is a more or less progres- 
sive loss of type-specificity, but in some instances a strain may 
retain shght traces of SSS after its colonial form has become 
distinctly rough. On the other hand, type-specificity may be 
lost at a stage when the strain is in an intermediate phase mor- 
phologically. 

After prolonged cultivation on chocolate agar, many rough 
strains spontaneously give rise to a number of variants, in a 
few instances a smoother component than the original form, 
but most frequently one or more very rough or “degraded” 
forms. One such strain, a Type h when first isolated from a 
blood culture, produced (after artificial dissociation) a single 
type of rough colony which had all the characteristics of the 
rough phase. When plated out after two years’ cultivation on 
artificial media, this strain produced three kinds of colonies. 
Since at least one of these variants has not, to the authors’ 
knowledge, been described^ before, a detailed description of the 
characteristics of all three variants is listed in table 1. For 
purposes of comparison, the characteristics of the original and 
the converted rough forms of the strain are also given in the 
table. 


Reversibility of the B to the S or the M phase 

The fact that smooth colonies may appear spontaneously in 
a culture which according to all criteria is in the rough phase 
has been stated previously. It has also been stated, however, 
that the spontaneous reversion of a smooth to a mucoid form 
has not been observed; nor has it been possible to bring about 

- None of the photographs in Holster’s (1931) excellent paper on variation in 
H. influenzae resembled this variant closely enough to permit its identification 
with any of the variants described. 
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this change by cultural manipulation. In an effort to determine 
whether or not the R S — » M transformation could be ac- 
complished by animal inoculation, the following experiments 
were carried out: 

a. Repeated mouse passage by the intraperitoneal route of a 
rough strain (in mucin) isolated from a case of meningitis sec- 
ondary to trauma, 

b. Repeated mouse passage by the intraperitoneal route of a 
rough strain (in mucin) derived from a mucoid, meningeal 
Type b strain, 

c. Combined intraperitoneal and subcutaneous injection of a 
rough strain, originally isolated from the respiratory tract, 

d. Combined intraperitoneal and subcutaneous injection of a 
mucoid, Type b filtrate, together with a rough strain, originally 
isolated from the respiratory tract, 

e. Combined intraperitoneal and subcutaneous injection of a 
mucoid Type b vaccine, together with a rough strain, originally 
isolated from the respiratory tract. 

In no instance was the transformation R — >• M accomplished 
by any of the above methods. On the other hand, the R S 
conversion was brought about by every method but the last. 
In most instances, however, the S form did not maintain its 
stability, and after several transfers on artificial media reverted 
to the R form. 

It is interesting to note that the R — » S conversion took 
place very gradually in experiments (a) and (b), whereas in 
experiment (c) the change occurred abruptly. The progressive 
change in colonial form from R S in (a) and (b) was accompa- 
nied by the appearance of “swollen” or “globoid” forms in 
smears of the peritoneal exudates. After twenty to thirty mouse 
passages, the “swollen” forms were replaced by coccobacilli, 
uniform in size and staining properties. In experiment (c), 
in which the R S change occurred abruptlj’’, the S colonies 
appeared on plates streaked with pus from the subcutaneous 
abscess. Smears of the same exudate showed no “swollen” 
forms, but only coccobacilli which were uniform in size and 
staining properties. 
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A summary of the characteristics of the three phases of dis- 
sociation in H. influenzae is given in table 2, 

TABLE 2 


Variation in Hemophilus influenzae 


^Morphology of colonies 

Mucoid (fluo- 

Smooth (non- 

Rough (non- 


rescent) 

fluorescent) 

fluorescent) 

Morphology of organisms 

Coccobacilli 

Coccobacilli 

Long rod', 



or short 

clubs, long 



rods; pleo- 

tangled fih- 


1 

morphism 

raents, pIco- 



slight 

morphism 




marked 

Capsules . . 

+ 

0 

0 

Grouiih in peptic-digest broth 

Diffuse 

Diffuse 

Flocculcnt 

Type specificity 

1 + 

0 

0 

Virulence: 




Human 

-f or d: 

rfc 

0 

Mouse 

+ OT 0 

± or 0 

0 


DISCUSSION 

Morphologically and culturally, the mucoid, smooth and 
rough phases of H. influenzae correspond very closely to the 
mucoid, smooth and rough phases of other organisms, hliicoid 
strains, which are highly virulent for man, produce a soluble 
polysaccharide and form a homogeneous group serologically 
(Type h). Mucoid strains less frequently associated with infec- 
tion in man also produce a soluble polysaccharide, but in general 
fall into different serological types (a, c, d, e, f). 

Smooth strains are characterized by their morphology, lack 
of tyqje specificity and relative avirulence for man and animal. 
It should be emphasized that the "S” in the old classification 
is the M or mucoid as here classified. The S type of the present 
terminology is found in non-specific respiratory infections, 
sinusitis, bronchiectasis, etc., and has little if any pathogenic 
significance. 

Rough strains are occasionally isolated directly from man, 
but are probably not associated noth infection. Fully dis- 
sociated rough strains are, in general, only found in old, degraded 
stock cultures, or are derived from mucoid strains by expen- 
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mental methods; They are characterized by their morphology, 
lack of type specificity and avirulence for man and animal. 
They can be distinguished from smooth strains only by the 
appearance of their colonies and by the morphology of the 
individual bacteria. 

It should be emphasized at this point that, whereas each 
variant phase can usually be distinguished by its serologic and 
pathogenic, as well as by its morphologic properties, the basis 
of differentiation ultimately depends on morphology. Dawson 
has pointed out that although all hemolytic streptococci which 
are virulent for mice are mucoid, capsulated and type-specific, 
not all mucoid strains are virulent for mice. In the authors’ 
experience, this has also been true of H. influenzae. Strains 
which are highly virulent for mice are mucoid, fluorescent, 
capsulated and type-specific, but not all mucoid strains are 
mouse-virulent. Mucoid strains of Types a and d, for example, 
were found to be relatively avirulent for mice, although mor- 
phologically they were in the mucoid phase. 

The M S R transformation may occur spontaneously in 
old stock cultures or can be brought about by ageing or by 
repeated transfer in homologous, type-specific, immune serume 
broth. The R S conversion may also occiu’ spontaneously, 
but probably happens rarely. R — > S conversion can be induced 
by animal inoculation. This transformation may be brought 
about gradually by repeated mouse-passage intraperitoneaUy, or 
abruptly by means of combined subcutaneous and intraperitoneal 
inoculation. In the authors’ experience, it has been impossible 
to effect the transformation R M or S M by animal inocula- 
tion, either by the intraperitoneal or subcutaneous routes. 

Pittman succeeded in converting one R strain to the “S” (M) 
form by repeated growth in anti-R serum broth and by animal 
inoculation. The fact that this particular rough strain had been 
derived from a “smooth” (mucoid) strain only a short time 
before, suggests the possibility that the R variant might not have 
been completely converted to the R phase and therefore still 
retained some mucoid elements. This possibility is also sug- 
gested by the fact that Todd and Lancefield (1928) in their 
early studies on the dissociation of the hemolytic streptococcus 
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found that it was impossible to transform the glossy (smooth) 
infcp the matt-virulent (mucoid) form unless the glossy culture 
retained a small amount of type-specific substance. 

Kun and Fenyvessy (1932) also had difficulty in effecting the 
R -> S conversion in H. influenzae. They found, for example, 
that it was impossible to produce a stable S form from an II 
strain either by cultural manipulation or by intraperiloncal 
inoculation. The S strains so derived rapidly reverted to the 
R phase after a few transfers on chocolate agar. By subcutaneous 
injection, however, they were able to convert rough, "filament 
forming” strains into smooth “coccobacilli forming” strains 
which retained their smooth characteristics on artificial media. 
The increase in rat virulence and the changes in morphology 
exhibited by these derived strains indicate that transformation 
from the rough to the smooth phase took place. There is no 
evidence to indicate, however, that conversion to the mucoid 
phase was accomplished. 

From the present observations and those of other investigators, 
it therefore appears that H. influenzae exhibits a three-phase 
dissociative pattern, namely, the mucoid, the smooth and the 
rough. The M — > S — > R transformation can be readily accom- 
plished, whereas the R — > S conversion can probably be obtained 
only by animal inoculation. The R — > M transformation cannot 
be brought about by the techniques in use at this time. 

SUMMARY 

1. The mucoid, smooth and rough phases of He7nophibis 
influenzae are described. 

2. The interconvertibility of the three dissociative phases is 
discussed. 

3. The pattern of variation in Hemophilus influenzae corre- 
sponds to that of other micro-organisms. 
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Fig. 1. Mucoid Couon'ie.s 
Magnification approximately 10 X 



Fig. 2. A Smooth Colo.ny 
Magnification approximately 10 X 
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Fig. 3. Rough Colonies 
Magnification approximately 10 X 
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This investigation was undertaken with the purpose of de- 
veloping a synthetic medium for Clostridium parabotulinum, 
type A, in order to study certain phases of the toxin-producing 
mechanism. 

The results mainly confirmed the findings of Fildes and his co- 
workers (1933) with respect to the essential nature of certain 
substances in yeast and pregnancy urines. In addition, certain 
evidence is presented which indicates that other substances 
besides the “sporogenes vitamin” are required for growth of 
C. parabotulinum in amino acid mixtures. The nature of these 
materials wiU be the subject of subsequent notes. 

HISTORICAL INTROnUCTION 

Studies on the simplification of media for the cultivation of 
Clostridium botulinum have not often been the primary purpose 
of researches on this organism. In fact, it is only in recent years 
that synthetic media have been attained for some members of 
the obligate anaerobes, notably Clostridium sporogenes. 

That the complexity of the nutritional requirements of C. 
botulinum and the need for accessory growth factors were realized 
is stated in a paper by Wagner, Meyer and Dozier (1925). 
Hosoya and Kishino (1925) demonstrated the importance of the 
sulfhydryl group in the growth requirements of C. botulinum 
and found that cysteine adequately supplemented deficient 
tryptic digests of gelatin. Along the same lines, Quastel and 
Stephenson (1926) found that the lack of reduced sulfur com- 
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pounds was the limiting factor in the inadequacy of acid and 
trjqjtie digests of gelatin, although similar digests of casein did 
support groBdh. 

Anderson (1928) then attempted unsuccessful!}’- to simplify 
the routine media for C. hoiulinum by using nucleic acids, am- 
monium compoimds, and mixtures of many amino acids as sources 
of nitrogen. 

In a specific attempt to determine the essential amino acids 
for groBdh and toxin production by C. hotulimiin, Burrows 
(1932) found that acid hydrolysates of casein, if supplemented 
with tryptophane, would support growth of A and B strains. 
Such hydrolysates were rendered unfit, by treatment with Norite 
or by filtration through Seitz pads. Burrows (1933) then 
reported the successful substitution of an amino acid mixture for 
the protein hydrolysate and stated that cystine, proline, and 
leucine were essential acids for C. botuHmim. 

A very intensive study on the nutritional requirements of C. 
sporogenes was summarized in a report by Knight and Fildcs 
(1933) in which was detailed the preparation and proof of the 
essential nature of a substance in yeast and pregnancy urines. 
Furthermore tr 3 qjtophane was found to be an essential amino 
acid for gro-wth of C. sporogenes. These authors also determined 
that the “sporogenes vitamin” and tryptophane were essential 
for the growth of C. botulinum. 

Burrows (1934) reinvestigated the tryptophane requirements 
of C. botulinum and found that this organism differed from C. 
sporogenes both in the tryptophane and “sporogenes vitamin” 
requirements. 

Fildes (1935) retmned to the study of the requirements of C. 
botulinum, confirmed his former work and reaffinned the belief 
that the difficulty lay in the use by Burrows of impure prepara- 
tions of amino acids containing tryptophane as an impurity. 

Fildes and Richardson (1935) working -ndth C. sporogenes 
finally succeeded in replacing the gelatin hydrolysate by a knovn 
mixture of amino acids, most of which had been synthesized, and 
all of which had been recrystallized several times. They con- 
cluded that tryptophane, leucine, phenylalanine, tjTOsine and 
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arginine were indispensable amino acids, while for adequate 
growth and maintenance of the cultures valine, cystine, methio- 
nine, and histidine were required. 

Stickland (1934, 1935a, 1935b) cleared up the problem of the 
source of energy for the organism growing in a medium composed 
chiefly of amino acids by showing that C. sporogenes is able to 
activate certain pairs of amino acids, one being oxidized, the 
other reduced. 

As to the nature of the “sporogenes vitamin" Pappenheimer 
(1935) found that it was an acid (pK* 4.7), whose empirical 
formula was G 11 H 14 O 4 , that it was most stable as the methyl 
ester, and that it contained one double bond and one hydroxyl 
group. 

Following this there appeared a paper by Hosoya, Kuwashima, 
Kayo, Oda, and Kagabe (1936) on a factor essential for “patho- 
genic bacteria.” The source of their active preparation was an 
“aqueous extract of scomber.” In amounts of 5 X 10“® gamma 
per 10 ml. gelatin hydrolysate basal medium, growth of C. 
lotulinum occurred. The paper deals mainly with the prepara- 
tive aspects, while information concerning the methods of assay 
or nature of the material is lacking. 

METHODS 

Media 

(a) Isolation of colonies and purification of strains from stock 
cultures were effected on blood plates prepared as recommended 
by Schoenholz (1928). 

For carrying stock cultiues a beef-heart medium was employed 
in which Neopeptone was used as the principal nitrogenous 
ingredient. The inclusion of minced pieces of beef heart at the 
bottom of the tubes made the use of vaseline seals unnecessary. 

For the production of spores a casein-digest medium recom- 
mended by Sommer (1930) was used. 

A medium which was found to initiate excellent growth, toxin 
production and enzyme formation contained a filtered infusion 
of beef heart to which were added 1 per cent glucose, 0.5 per 
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cent monobasic potassium phosphate and 4 per cent Difco 
proteose peptone. The final pH was adjusted to 7.4. Sterile 
petrolatum served as an efficient seal. 

Inoculum 

Several liters of spores of a carefully purified strain of C. 
parabotulinum, type A, were washed five times in sterile m/15 
phosphate buffer, pH 7.0 and eventually suspended in sterile 
double-distilled water. After the purity and viability of the 
spores were tested, the suspension was heated at S0°C. for forty- 
five minutes, cooled to room temperatm-e and aseptically rcmo\'cd 
in 25 cc. lots to a Flosdorf-Mudd “Lyophile” apparatus (1935). 
The spores were rapidly desiccated from the frozen state under 
high vaccum and came out of the apparatus in the form of a 
white powder, perfectly viable and toxigenic. They were stored 
in small vials and checked for purity, viability and toxigenicity 
at monthly intervals. 

Preparation of protein hydrolysates 

Gelatin and casein, having been shown to support growth of 
C. hotulinum under specified conditions, were selected to supply 
the principal nitrogenous substances in the media to be simplified. 

(a) Nelson's photographic gelatin was prepared in the hydro- 
lyzed form as recommended by Fildes (1935). 

(b) Washed isoelectric gelatin (Peter Cooper) was prepared 
according to the method of Northrop and ICunitz (1928) and 
hydrolyzed by refluxing eight homs with five times its weight of 
sulfmic acid in 30 per cent solution. The acid was exactly 
removed with baryta, and the filtrate concentrated in vacuo to 
a thick syrup. 

(c) Unwashed Peter Cooper gelatin was hydrolyzed in the 
same way as (b) and worked up to a syrup. 

(d) Casein (Schering-Kahlbaum, according to Hammarsten) 
was refluxed thirty-six hours with 30 per cent sulfuric and worked 
up to a s 3 Tup as in the pre\dous cases. 
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“Vitamin" preparation 

In the main the original procedure used to prepare the "sporo- 
genes vitamin” followed that of Knight and Fildes (1935a). 
The active preparation from brewer’s yeast was such that 
1 X 10"® gram activated 10 ml. of a deficient medium. The 
final product was diluted so that 0.1 cc. contained 1 X 10~® gram 
of dry material. 


EXPERIMENTAL 

The medium upon which it was desired to improve was that 
proposed by Fildes (1935) for C. botulinum. It was made up 
as follows: 


Sodium citrate 3.0 grams 

Monobasic potassium phosphate 4.5 grams 

Water 500 cc. 

In Sodium Hydroxide 26 cc. 

Dissolve and add: 

l-cystine 0.05 grams 

1-tyrosine 0.05 grams 

dl-valine 0.10 grams 

Acid hydrolyzed protein (5 per cent solution) 50 cc. 

Dissolve; dilute to 600 cc.; pH to 7.4; tube in 6 cc. amounts; auto- 
clave at 121 °C. for 20 minutes. 

Before the inoculum was added, all tubes received the following: 

Magnesium sulfate (0.4 per cent solution) 0.1 cc. 

Tryptophane (0.2 per cent solution) 0.1 cc. 

Sporogenes vitamin 0.1 cc. 

In Sodium Hydroxide 0.25 cc. 

Thioglycollic acid (1 per cent in In hydrochloric acid) 0.20 cc. 

Water to 9.0 cc. 

Inoculum (0.01 mgm. dried spores in 100 cc.) 1.0 cc. 


All of the above components were sterilized in the autoclave. 
The amino acids and salts were purified by recrystallization 3-5 
times before use. The tubes were plugged with cotton wrapped 
in washed gauze. The thioglycollic acid was used as purchased. 
The acid-hydrolyzed protein was diluted so that it was 5 per 
cent based on the weight of the dry protein used. All incubations 
were carried out in a phosphorus jar at 37°C. 
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Experiment 1 

The first few experiments on this t 3 'pe of medium were entirely 
confirmatory in nature, namely, to determine for the strain of 
C. parabotnlimim selected the necessity for trjTJtophane and the 
“sporogenes vitamin” as previously reported (Burrows, 1932, 
1933; Fildes, 1935). 

The results indicated that C. pardbohilinum did require these 
two components in the h3^drotysate medium before any growth 
would occur. Toxin was produced in ninety-six hours following 
noticeable autolysis. The occurrence of lysis around the sevent 3 '- 
second hour of incubation was a regular sequel to growth in this 
type of medium and decreased the usefulness of the medium. 


TABLE 1 

Growtk-supporling ability of protein hydrolysate {medium used as on page 5 
but without added cystine, tyrosine and valine) 


TOTJE 

XNCUDATXOK TEniOD 

TOXIS 

OC nouns 

24 hours 

48 hours 

1 Basal medium -f Nelson photographic gelatin 
hydrolysate 

+++ 

++++ 

+ 

2 Basal medium -J- Peter Cooper gelatin hydroly- 
sate 


++++ 


3 Basal medium + Isoelectric gelatin hydroly'satc. . . 

1 

1 ++ + 

-}* +++ 

i + 

4 Basal medium -f Kahlbaum casein hydrolysate 

+-1-+ 

++++ 

+ 

5 Basal medium -h Egg albumin hydrolysate 

-f-f 

++++ 

+ 

6 Basal medium -f Water to volume 

0 


0 


Experiment 2 

A comparison between the efiicacy of acid h 3 ’’drol 3 'satcs of 
gelatin, casein and egg albumen indicated that there was little 
difference between the abilities of these proteins to support 
growth in spite of the differences in their amino acid contcnt-s. 

The slight inferiorit 3 ^ of egg albumin was rechecked and con- 
firmed. Efforts to base this on the serine and ox 3 q)rolinc de- 
ficiencies of egg albumin by adding these amino acids in amounts 
equivalent to their respective concentrations in gelatin and 
casein did not improve the ability of egg albumin to support 









NUTRITIONAL REQUIREMENTS OF C. PARABOTULINUM, A 435 


growtli. Since casein and gelatin supported growth in spite of 
the many differences in amino acid content (glycine, valine and 
tyrosine, particularly), it was decided to determine the nature of 
the substances present in the isoelectric gelatin which was suitable 
for the growth of the organisms. 

Experiment S. Fractionation of gelatin hydrolysate 

The method which gave the best fractionation of the acid 
hydrolysate of isoelectric gelatin was one involving the formation 
of the copper salts of the amino acids and the subsequent separa- 
tion of these salts based on their solubilities in methyl alcohol 
and water (Towne, 1928, 1936). 

Three fractions were separated which were (I) the alcohol- 
soluble water-soluble group including proline, hydroxyproline, 
isoleucine, valine and the “hydroxyvaline” of Schryver, (II) the 
alcohol-insoluble water-soluble group including glycine, serine, 
alanine, arginine, histidine, lysine and pyrrolidone compounds, 
(III) the alcohol-insoluble water-insoluble group which includes 
leucine, phenylalanine, tyrosine and cystine. 

The fractions were tested for their growth supporting ability 
in a deficient medium composed of tryptophane, sporogenes 
vitamin, thioglycollic acid, magnesium sulfate, and sodium 
hydroxide at pH 7.4. (The amount of each component is the 
same as that used in the other tests and is summarized above. 1 

The results indicate that the alcohol-insoluble water-soluble 
fraction of amino acids is sufficient to support growth of C. 
hotulinum. Apparently, from a mixtme containing glycine, 
serine, alanine, arginine, lysine, and histidine, supplemented with 
tryptophane and sporogenes vitamin, energy and structural com- 
ponents were minimally satisfied. 

The addition of fraction I to II did not materially increase 
the amount of growth nor in fact did it stimulate an earlier 
germination of the spores. The increase in the amount and the 
earlier germination in the presence of fractions II -f III and 
I -b II -b III was paralleled by the same increase when the 
amount of II in the medium was doubled or tripled. 

Although there are several ways in which these results can be 
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explained, the most attractive approach is by way of the Stick- 
land reaction (1934), in which the source of the energy available 
to the organisms grovdng in such a medium is based on reactions 
between pairs of amino acid molecules. 

Fraction II contains alanine which has been shown to bo 
activated as a hydrogen donator by C. sporogencs, (Sticklancl, 
1934) plus glycine and serine, the reducible components in the 
Stickland reaction. This might be one s^’^stem open to C. 
botulinum. Furthermore, when Fraction HI was added to II 
an initially larger amount of growth appeared which did not 

TABLE 2 


Effect of gelatin hydrolysate fractions on growth of C. pardbotulinum 


TUBE 

24 HOURS 

42 nouns 

06 nouns 

1 Medium -f- 0.25 cc. Fraction I 

0 


0 

2 Medium -f 0,25 cc. Fraction II 

++ 

++ + 

++ 

3 ^ledium + 0.25 cc. Fraction III 

0 

0 

0 

4 Medium ■+• 0.50 cc. I 

0 

0 

0 

5 Medium + 0.50 cc. II 

+++ 

++++ i 

+++ 

6 Medium -f 0.50 cc. Ill 

0 


0 

7 Medium 0.25 cc. I + 0.25 cc. II 

++ 

+++ 

++ 

8 Medium + 0.25 cc. I + 0.25 cc. Ill 


+ 

+ 

9 Medium + 0.25 cc. II + 0.25 cc. Ill 

+-t-+ 

4 — h4'4' 

+++ 

10 Medium -i- 0.25 cc. I 4- 0.25 cc. II + 0.25 cc. III. ... 

+++ 

4-4-4-+ 

+++ 

11 !Medium + 0.75 cc, I 

0 


0 

12 iSIedium -F 0.75 cc. II 

+++ 

+ + + + 

+++ 

13 Aledium + 0.75 cc. Ill 

0 



14 Medium + 0.50 cc. water 

0 




materially increase over that finally obtained with II alone. 
Fraction III contained leucine and tryosine among other acids 
from the hydrolysate. Stickland (1934) and ICnight and Fildes 
(1935) reported that, for C. sporogenes, leucine is a more readily 
available oxidizable component than alanine. Fraction HI, 
supplying as it does acids which may be more available in the 
case of C. sporogenes, may act similarly in the case of C. holitlinnm. 
It remains to test the various amino acids which can be activated 
by C. botulinum to act as donators and acceptors of hydrogen, 
before carrjdng over to this organism explanations which may 
apply only to C. sporogenes. 
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It is also realized that the fractionation of protein hydrolysates 
by the copper salt method must involve a certain lapping over of 
fractional components because of faulty technique. If this 
occurs the magnitude of the concentrations of an amino acid for 
example may well be within the range of growth-supporting 
function as demonstrated by Fildes (1935). This would also 
explain the growth obtained with Fraction II alone. 

The amino acids known to be in the various fractions of the 
protein hydrolysate were substituted for these fractions and 
tested with a new “sporogenes vitamin” preparation. 

The new batch of “sporogenes vitamin” was prepared as 
previously but with the alteration from the method of Knight 
and Fildes (1933) that 0.4 per cent hydrochloric acid in methyl 
alcohol was used as the initial extracting solvent. The extrac- 
tions were carried out for four days, using fresh changes of 
solvent, after which the alcohol fractions were evaporated in 
vacuo to dryness, the residue dissolved in hot water, boiled a 
few minutes and centrifuged. After the supernatant fluid was 
again concentrated in vacuo to a small volume, the steps fol- 
lowed those of Knight and Fildes. 

About two hundred milligrams of residual material were ob- 
tained from the yeast of which the potency tests in gelatin 
hydrolysate basal medium revealed that 3.3 X 10-® gram 
activated 1 ml. of the deficient medium (detailed on page 433). 

Experiment 4 

Several different lots of amino acid mixtures were prepared. 
Lot 1 was composed only of the amino acids known to be con- 
tained in the “Towne Fractions II and III.” The amounts of 
each acid in this lot were based on the best available analyses 
of the amino acids in gelatin. This was further corrected for 
the amount of hydrolysate, or original protein hydrolysed, which 
had been shown to support growth. 

Lot 2 was more inclusive, containing all the amino acids 
thought to be in gelatin, and again the amounts of each were 
based on the reported percentages in gelatin (Bodansky, 1931). 

Lot 3 was the mixture developed by Fildes and Richardson 
(1935) for the growth of C. sporogenes. 
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A brief summary of the mixtures is presented in table 3. 

Of those which were not sjmthetiCj the naturally occurring 
form, purified by recrj^stallization was selected. 

The amino acids were dissolved and added to the following 
basal mixture: 


Monobasic potassium phosphate 4.5 grams 

lx Sodium Hydro.xide 25 cc. 

Water 500 cc. 


Adjusted to pH 7.4, diluted to 600 cc., tubed in 0 cc. amounts 
and autoclaved 

Each tube received the necessary amounts of magnesium 
sulfate, thioglycoUic acid, and the test amount of vitamin prcjwra- 
tion previously adjusted to pH 7.4 with In sodium hydro.vicle. 
Total volume was brought to 9 cc. The inoculum, 1 cc. of a 
spore suspension, brought the volmne to 10 cc. 

These media were tested udth both available preparations of 
sporogenes vitamin, the old one, now deteriorating in potency 
towards gelatin hydrolysate media, and the fresh preparation. 

A summary of the comparative activities of the two prepara- 
tions in the various media is tabulated in table 4. 

(1) It will be seen that the old preparation of sporogenes 
•vdtamin was completely inactive towards the amino mixtures, 
whereas the fresh preparation supported a moderate amount of 
growth in this tj^De of medium. It is also evident in the tabic 
above that the old preparation was less effective in the protein 
hydrolysate medium. 

(2) The second point indicated is the loss of activity of the 
new “vitamin” preparation towards the amino acid mi.\lure.s, 
after ageing about a week. 

This loss of potency was by no means an "all or none affair” 
but was a gradual loss, demonstrable by increasing amounts of 
preparation required for equivalent turbidities. 

(3) The third lot of amino acids was far superior to the other 
two batches, indicating a striking similarity in growth require- 
ments between C. sporogenes and C. bolulimim. 

(4) It was impossible to replace the ^'Totvne Fractions II and 
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III” by the amino acids known to be contained therein, sug- 
gesting the presence of other substances or the overlapping of 
the fractions. 


TABLE 3 


AMINO ACID 

PER CENT IN 

1 OEZ/ATIN 

(bodakset) 

1 

Loti 1 

QRAMS PER LITEI 

Lot 2 1 

1 

Lot 3 

Glycine 

25.4 

0.029 

0.029 

0.2 

s-alanine 

8.7 

0.085 

0.085 

0.12 

s-leucine 

7.1 

0.624 

0.624 

0.17 

1-proline 

9.5 


0.836 

0.15 

l-oxyproline 

14.1 


1.24 


s-phenylalanine 

1.4 

0.123 

0.123 

0.08 

s-glutamic | 

5.8 


0.51 


B-aspartic 

3.4 


0.308 

0.18 

s-serine 

0.4 


0.035 

0.14 

l-tyrosine 

0.01 

0.0008 

0.0008 

0.05 

1-histidine 

0.9 

0.0792 

0.0792 

0.05 

d-arginine 

8.2 

0.76 

0.76 

0.05 

s-lysine 

6.9 

0.51 

0.51 

0.09 

1-tryptophane 

0.0 

0.02 

0.02 

0.02 

1-oystine 

0.2 



0.06 

s-valine 




0.15 

s-methionine 




0.07 


The acids marked "s-” were synthetic preparations obtained principally from 
Eastman Co., and Amino acid Mfgrs., U. C. L. A. 


TABLE 4 


Effect of sporogenes vitamin preparations 


DAILY TEST 

' 1 

GELATIN HTDBOLT8ATE 

AMINO AQD LOTS 

Gro'R'tb 

1 

Toxin 

Num- 
ber 1 

Num- 
ber 2 

Num- 
ber 3 

Vitamin (prepared July, 1936) 

++ 

"h 

0 

0 

0 

Vitamin (prepared July, 1937) 

++++++ 

+++ 

0 

++ 

4-++ 

After one week: 






Vitamin (July, 1936) 

+ + 


0 

0 

0 

Vitamin (July, 1937) 

+++H — 1 — 1" 

+++ 

0 

+ 

+ 


(5) Toxin was demonstrated in amino acid mixtures sup- 
porting growth, but was not particularly potent. One-half cubic 
centimeter of supernatant fluid from the cultures usually killed 
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unprotected mice within 36-48 hoiu-s, indicating a rather weak 
toxin. However, this comparison must be qualified because of 
the fact that growth in the amino acid mixtures, although very 
apparent, was nevertheless inferior. 

One conceivable explanation of the results appeared to in- 
volve another essential substance present in gelatin and casein 
acid hydrolysates additive in effect to the yeast preparation. 
T^Tien the organisms were forced to use purified amino acids as 
their main food source, they required preformed a larger minimum 
amount of the “sporogenes vitamin,” which could be supplied 
to them in workable volumes of fresh yeast preparations. As- 
suming that ageing and subsequent deterioration of the “vitamin” 
resulted in less than the critical amount being available, the 
organisms would then find it impossible to grow in such syn- 
thetic media. In the gelatin hydrolysate, however, enough 
“accessory factor” might be present to replace the material lost 
by ageing of the 3’’east preparation. A statement by Fildcs 
(1935) that gelatin contains minute amounts of “sporogenes 
vitamin” seemed to support this hypothesis. 

If some accessory factor is present in gelatin hj^lrolysatcs, 
suflficient in the presence of yeast preparation to supplement a 
deficient medium, the addition of small amounts of gelatin 
hydrolysate plus the j^east factor to amino acid mixtures should 
raise the concentration of essential material above the critical 
level and growth should occur. 

When amounts of gelatin hj’^drolysate, sufficient in themselves 
to support mereb" a swirl of growth, were added to the amino 
acid mixtures, containing yeast preparation formerly sufficient 
to support growth, no additional growth resulted. Wfiicn the 
concentration of hj^drolysate was stepped up growth was visible, 
but the control tubes showed that this growth was due entirely 
to the hj'drob^sate and was independent of the amino acid base. 

The following fractionations of the gelatin hydrob'sate were 
attempted in order to produce a fraction supplementary only in 
actudty and insufficient in itself to support growth. 
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1. Alcohol extraction 

Ninety-five per cent alcohol was added to a portion of the 
hydrolysate until the precipitate no longer disappeared on 
heating. A minimum amount of water was added to dissolve 
the precipitate and the mixture placed in the ice box. After 
it had settled the precipitate was filtered and washed with 
alcohol. It was then dried and taken up in distilled water. 
The original filtrate containing the alcohol-soluble fraction was 
concentrated in vacuo and taken up in water. Growth tests' in 
a deficient medium (page 433) indicated that the materials for 
growth were concentrated in the alcohol-soluble fraction since 
this fraction supported growth. The alcohol-insoluble fraction 
which did not support growth was also non-supplementary to 
the deteriorated sporogenes vitamin in the a min o acid mixture 
nxunber three. 


2. Alcohol-ether extraction 

The procedure adopted here had been used by Tatum and co- 
workers (1936) in their work on the potato fractions active for 
Lactobacillus delbruckii. Five volumes of 95 per cent alcohol 
were added to one volume of hydrolysate, then six volmnes of 
ether were added. The mixtiu'e was shaken continuously while 
the ether was added. The precipitate was centrifuged down 
and taken up in distilled water. The alcohol-ether solution was 
concentrated, freed of organic solvents, and diluted to volume 
with distilled water. Only the alcohol-ether precipitate fraction, 
containing the dark material in the hydrolysate, contained 
essential growth materials, inasmuch as it supported growth 
in the absence of added amino acids. The alcohol-ether soluble 
fraction was negative alone and in the presence of added amino 
acids (mixture 3). 

S. Treatment with lead acetate and ammonia 

Although admittedly a remote possibility, it was decided to 
check the hydrolysates of gelatin and casein for the presence of 
accessory substances hydrolyzable to glucose. The hydrolysates 
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were first alkalinized with excess anunonia. A saturated solution 
of lead acetate was added until no further precipitation occurred. 
The filtrate was boiled to remove ammonia, saturated vith 
h 3 ’’drogen sulfide to remove the lead, boiled to remo^■e c.vccss 
hj^drogen sulfide and brought to volume. The lead acefafe 
precipitable fraction was taken up in a little water, saturated 
with fij’^drogen sulfide to remove the lead as before and worked 
up to voliune. The grow'th-essential materials of the h 3 'drol 3 ’satc 
were contained in the lead-acetate-soluble fraction wdiich alone 
supported growdh. The insoluble fraction was of no value. 

4 . Treatment with norite 

A portion of the original hydrolysate and also an aliquot of 
the lead-acetate-soluble fraction were treated unth purified 
animal charcoal, boiled for an hour and filtered tw'ice through 
Whatman ^'40 paper. The charcoal precipitates were washed 
tvdee with hot water and then dried. The filtrates and washings 
were combined and concentrated on the water bath to their 
original volume. Growth tests revealed that the essential 
materials had been completely removed by the norite. 

Boiling the charcoal for a few hours with 95 per cent ethyl 
alcohol eluted the growth materials vdth much loss involved. 
A fraction supplementary only in effect could not be obtained. 

5. Effect of the Neuberg-Kerb reagent {1911) 

The h 3 ’’drol 3 ’'sate was treated wdth sufficient 10 per cent sodium 
carbonate to alkalinize it. To this, a 25 per cent solution of 
mercuric acetate was added until a permanent brick-red pre- 
cipitate appeared. Five volumes of 95 per cent alcohol were 
added. The mixture was then filtered. The filtrate and pre- 
cipitate were freed of mercury by^ hy^drogen sulfide and concen- 
trated to volume on the water bath. The growth-e.«scntial 
materials were concentrated in the mercury'-in.soluble fraction. 
The soluble fraction was negative in the growth tests. 

All growth tests with the above fractions were carried out in 
two basal media, (1) one containing only monobasic potas.'ium 
phosphate, sodium hydroxide, tryptophane, sporogencs vitamin 
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and thioglycollic acid in amounts as on page 433, (2) tlie other 
being amino acid mixtine lot 3. The fractions under test were 
added in amounts equivalent to that of the original protein 
hydrolysate which supported growth. 

The results are summarized in table 5. 

The inability to produce a fraction which was only supple- 
mentary in action to the sporogenes vitamin (i.e., which acts 
only in basal medium number 2) is indicated by the above table. 

It was therefore decided to prepare another lot of sporogenes 


TABLE 5 

Activity of gelatin hydrolysate fractions 


FBACnON 

1 

INCUBATION PEBIOD j 

TOiaN 

Basal 
' medium 1 

1 

Basal 
medium 2 

Original hydrolysate 

-b+p-t- 

-b+-b+i 

+ 

Alcohol-soluble fraction 

■b+'b 

-b++ 


Alcohol-insoluble fraction 

0 

0 

0 

Alcohol-ether soluble fraction 

0 

0 

0 

Alcohol-ether insoluble fraction 

+-b-b 

+++ 

+ 

Lead acetate-ammonia filtrate 

-b-bp 

+++ 

+ 

Lead acetate-ammonia precipitate 

0 

0 

0 

Norite filtrate, pH 7.0 

0 

0 

0 

Neuberg-Kerb filtrate 

0 

0 

0 

Neuberg-Kerb precipitate (0.6 cc.) 

-b 

1 + 

0 

Neuberg-Kerb precipitate (1.0 cc.) 

1 ++ 

' ++ 

0 

Neuberg-Kerb precipitate (3.0 cc.) 

! -b-b-b 

-bp-b 

+ 

Ethyl alcohol eluate of Norite-adsorbed material 

++-b 

+++ 

+ 


vitamin, this time using pregnancy urine as a source of the 
material and adoptmg Pappenheimer’s pubhshed method (1935) 
for the latter stages of the work. The preliminary treatment 
of the mine was carried out in accordance with some suggestions 
kindly sent to me by Dr. Pappenheimer. 

One hundred liters of freshly obtained pregnant cow’s urine 
were concentrated to one-tenth of the original volume by distilla- 
tion in vacuo. Equal volumes of normal sulfuric acid and butyl 
alcohol were added to the concentrate and boiled for twenty-four 
hours under a reflux condenser. The butyl alcohol layer was 
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removed and concentrated in vacuo to a thick tar. This was 
partiall 3 " dissolved in pyridine. An equal volume of peroxide- 
free ether was added and the insoluble matter removed. The 
material was then extracted with concentrated acid and the 
acidified extract alkalinized with sodium carbonate. The rest of 
the procedure follows Pappenheimer’s description (1935). 

The yellow material obtained was very active, 1 X 10~' gram 
activating 1 ml. of the amino acid basal mixture developed by 
Fildes for C. sporogenes. However, the growth obtained with 
this amount of vitamin, and with increasing amounts also, did 
not compare favorably with the growth which the same amount 
of vitamin supported in gelatin hydrolysate media. One or 
more essential substances appear to be required for the growth 
of C. parabotuUnwn in synthetic amino acid mixtures, in addition 
to the active substance in jnast and pregnancy urines. A 
further investigation of these findings is being carried on. 

SUJIMART 

1. Previous reports concerning the essential nature of certain 
acidic fractions from yeast and pregnancy urines in the growth 
of Clostridium parabotulinum have been confirmed. 

2. Growth of Clostridnim parabotulinum in media composed 
of amino acids has been obtained. 

3. Although the nutritional requirements of Clostridium para- 
botulinum resemble those of Clostridnim sporogenes in the group 
of amino acids required for growdh, there are qualitali'iT dif- 
ferences in their needs which have not yet been solved to the 
point of obtaining massive growi;h in sjmthetic media. 
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INTRODUCTION 

The inhibitory and lethal effects of certain of the shorter ultra- 
violet rays on bacteria and fungi have been known for about fifty 
years. Recently, interest has been revived in problems con- 
cerning bacteria floating in the air especially in relation to the 
sterilization of air as a protection against air-borne infections. 
(Wells and Wells, 1936 and 1938, Hart, 1937 and 1938, and Sharp, 
1938). Since a quantitative evaluation of the resistance to radia- 
tion of most of the bacteria against which ultraviolet-ray pro- 
tection is needed has not been made, such comparative study 
seems desirable. 

Careful quantitative estimates of the energy lethal for various 
species of bacteria have been made by Coblentz and Fulton 
(1924) on Escherichia coli, Gates (1929 and 1930) on Staphylo- 
coccus aureus and Escherichia coli, Wyckoff (1931) on Escherichia 
coli, Ehrismann (1931) on Escherichia coli. Staphylococcus 
aureus, Serratia marcescens, etc., and HoUaender and Claus (1936) 
on Escherichia coli. In the last paper, the results of the previous 
work are summarized. Through a comparison of the data ob- 
tained by different experimental methods, attempts are made to 
reduce all the results to the common denominator of lethal energy 
per bacterium. It is notable that, while all the studies cited 
include some of the same species of bacteria, the absolute lethal 
energies given for a particular wave length differ substantially. 
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Studies of spore-forming bacteria {Bacillus suhlilis by Diiccnr 
and Hollaendcr, 1934 and Bacillus megatherium bj* Hcrcik, 1930) 
indicate that approximately twee as much cnergj' is necessary 
to kill the spores as is needed for the vegetative forms. 

In none of the studies in which absolute energy values have 
been measured has more than slight attention been given to the 
common pathogenic bacteria. The work of Drcycr and Cainp- 
bell-Renton (1936) gives lethal curves for several pathogens hut 
the light intensities were measured in arbitrary' units and are 
therefore not directly comparable with other quantitative work. 

The e.xperiments reported here were concerned with the deter- 
mination of the relative resistance of several pathogens, notahly 
the more important pathogenic air contaminants, as well as 
Staphylococcus albus, Escherichia coli, and Serratia ?narccsccn% 
to the unfiltered rays of a low-pressure mercury glow lamp’ of the 
tj'pe used for sterilization of air in operating rooms. Its char- 
acteristics have been described elsewhere (Sharp, 193S) and will 
be renewed only briefly here. 

METHOD 

The highly pathogenic nature of several of the specic.s of 
bacteria studied makes measurement in air suspension dangeroiH. 
Prenous work (Sharp, 1938) has shoum that in the instance of 
S. albus the amount of energy' necessary to kill 100 per cent in air 
suspension (presumably' saturated air) is of the same order of 
magnitude as that given by the plate method. It was considered 
adnsable to employ' the latter method. 

Standard nine-centimeter Petri plates containing .«oIid media 
suitable for the growth of the organism under observation wfTC 
seeded uniformly with bacteria in the following manner: A 
twenty'-four-hour broth culture wa.s diluted with normal .«;iline 
solution until it contained about fifteen thou.=and organi^^in- j*"- 
cubic centimeter. Five cubic centimeters of this were i)ipe!.te<I 
on to the agar surface of each plate and kept in motion for tuere.} 

* This lamp is manufactured by Wcstinghousc Electric and .'.(.-.nufa'-turir.;!; C- 
under the nam-e of “Sterilamp.” 
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seconds; the plate was then inverted for about forty seconds to 
drain off the excess liquid. By this means 600 to 1,000 evenly 
distributed colonies could be obtained on each plate (fig. 1). 

Prepared plates were exposed to ultraviolet rays in a frame 
(fig. 2) at a distance of 35 inches from a pair of radiation tubes and 



Fig. I 


in a plane normal to the rays. The tubes were 30 inches long, 
operated at about five degrees above room temperature and con- 
sumed 5 to 10 watts power each. They are particularly well 
adapted to this work since over 85 per cent of the total radiant 

o 

output is in the resonance 2537 A line. There are no other lines 

o 

in the region below 3000 A strong enough to have appreciable 
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bactericidal effect so that it is safe to assume, for present pur- 
poses, that the unfiltered raj^s are monochromatic and as sucli, 
comparable in their effect with those usuall}’- isolated with a inono- 
chrometer. This allows a direct comparison of results obtained 
here with those of other observers. 

Immediately below the plates (fig. 2) and in a similar position 
with respect to the lamps was mounted a special ultraviolet 
dosimeter (Rentschler, 1930) consisting of a tantalum-target 
photoelectric cell and relay apparatus suitable for metering the 
energj'- received. This device recorded the actual amount of 



energy received over a given length of time and so was free from 
errors that might have been caused by variation in lamp intensity. 
Standardization was effected by comparison with a bismuth-silver 
vacuum thermopile and National Bureau of Standards I’adiation 
constant. Ah energy values are given directly in incident ergs 
per square millimeter of exposed surface. 

RESULTS 

For each organism used, two separate gi’oups of 12 to 15 pla(e.« 
were exposed on different da 3 's. Exposures were selected to give 
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the best possible determination of the amount of energy necessary 
to reduce the number of surviving bacteria to 10 per cent of the 
original number. No attempt has been made to examine closely 
the extremes of the reaction, namely; near 0 per cent and near 100 


TABLE 1 


ORGANISM 

MEDIUM (pH 7.4) 

§ n 

gat. 

HOO 

aadg 

u a u 03 

Bacillus anthracis (mixed 
spores and veg. forms) 

Beef-extract agar 

452 

Corynehacterium diphiheriae. . . 

Beef-infusion 

337 

Staphylococcus aureus-hemo- 
lyticua 

blood agar 

Beef-extract agar 

260 1 

Escherichia coli 

Beef-extract agar 

245' 

Serralia marcescens 

Beef-extract agar 

220 

Streptococcus hemolylicus 

Beef-extract 

216 

Eberthella typhosa 

blood agar 
Beef-extract agar 

214 

Streptococcus viridans 

Beef-extract 

200 

Staphylococcus albus 

blood agar 
Beef-extract agar 

184 

Shigella paradysenteriae 

Beef-extract agar 

168 


OTHER OBSERVATIONS 


218 ergs, Gates (1929) 
600 ergs, *Ehrismann 
and Noethling (1931) 
150 ergs, *Ehrismann 
and NoetUing (1931) 
640 ergs, Wyckoff 
(1931) 

82 ergs, *Ehrismann 
and Noethling (1931) 


/ 


Table showing incident energy at 2537 A necessary to reduce several species 
of bacteria to a survival ratio of 10 per cent (90 per cent killed). 

*Values based on 90 to 100 per cent killing. 


per cent survival. This has been done by others, (Hollaender 
and Claus, 1936) for non-pathogenic bacteria, and it was not 
considered advisable to repeat it here since the exposure of many 
more plates would have been necessary. 

Figures 3 to 12 show the logarithm of the survival ratio plotted 
against the incident energy in ergs per square millimeter and the 
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curves drawn through the points. The intersections of these 
curves with the ordinate line —1 (10 per cent survival) is the 
basis on which the bacteria are compared (table 1). The in- 
tensity was constant and such that the time required to give this 
amount of energy was about 2 minutes. 


DISCUSSION 

It has been shown for several t 3 q)es of bacteria, (Wyckoff, 
1931, Hohaender and Claus, 1936, and Hercik, 1936), that the 
number dying per unit of incident energy is approximately in 
direct proportion to the number remaining alive in the culture, 
i.e.: 


(m 

dE 


-kiN 


E = energy incident on culture, 

N = number of bacteria remaining after a given amount of 
energy has been applied. 

log" = -W 


This, when integrated from energy E = Oio any given amount 


E, gives the corresponding survival ratio ~ . 

No 

No = number of bacteria originally on the plate as given by the 
controls. 

The constant Kz depends on the absorption cbeflBcient of the 
particular species and on the wavelength of the light. Although 
certain deviations from this straight-line relationship between 


N 

Log — and the energy have been reported, it serves as a con- 
No 

venient method of comparison of species resistance and is used 
here to facilitate comparison with other data. 

A direct comparison can be made in the case of Staphylococcus 
aureus with the data of Gates (1929) which show 218 ergs/mm^ 
necessary to kill 90 per cent of these organisms on agar surface. 
From our data (fig. 5) it is seen that 260 ergs/mm^ were necessary 
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for our strain of S. aureus. The same author (Gates, 1930) found 
110 ergs/mm^ necessary to reach 50 per cent killing of E. coli and 
our data (fig, 6) would indicate 75 ergs/mm = for this organism. 
Wyckoff (1931), on the other hand, found 640 ergs/nun- necessary 
for 90 per cent killing while curve 6 shows only 245 ergs/mm=. 
Only approximate comparisons with the studies of Ehrismann and 
Noethling (1931) are possible since their estimates were made on 
the broad basis of 90 to 100 per cent killing. Their figures have 
been entered in table 1, and it will be seen that large variations 
occur. No such wide differences in resistance have been found 
among the various species tested here. In fact, all the figures for 
90 per cent killing of non-sporing organisms fall between IGS 
ergs/mm^ (Shigella paradysenteriae) and 337 ergs/mm= (Corync- 
hacterium diphtheriae). 

Bacillus anthrads, which showed more resistance than any of 
the nonsporing species, was killed by about twice the energy 
necessary to kill E. coli. This was true even if complete steriliza- 
tion instead of 90 per cent killing was considered as the point of 
comparison. The results of Hercfic (1937) on Bacillus mega- 
therium indicate, too, about twice as much energy required to kill 
spores as was required for vegetative forms. The curve (fig. 3) 
seems to indicate by its increasing rate of fall that there is an 
apparent decrease in resistance rather than the expected increase 
due to surviving spores. 

The results summarized in table 1 indicate that the resistance to 
2537 A rays of the several species of bacteria was not only of the 
same order of magnitude but that the most resistant non-spore 
producer (C. diphtheriae) was only about twice as resistant as the 
least resistant (S. paradysenteriae). 

It is to be expected that the ultraviolet ray resistance of these 
bacteria in air suspension would be subject to certain variables 
not present in this experiment. Wells (1936) has reported wide 
differences in bacterial resistance with changes in the relative 
humidity of the air. His findings indicate a reduced resistance 
in air of lower humidity. In the light of his observation our 
previous work on S. albus done in air (Sharp 1938) under condi- 
tions near satiuation could be taken to indicate the maximum 
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resistance of the organism. The present data taken from bacteria 
on moist plate surfaces might be subject to the same considera- 
tions. The lethal energies in both experiments were found to be 
of the same order of magnitude. 

SUMMAEV 

The following species of bacteria were tested for resistance to 
short ultraviolet rays, and the energy necessary to reduce each 
to a 10 per cent survival ratio is recorded: Eberthella iyphosa, 
Shigella paradysenteriae, Corynebacterium diphtheriae, Staphylo- 
coccus aureus {Hem), Staphylococcus albus, Streptococcus viridans, 
Streptococcus hemolyticus, Bacillus anthracis (mixture of spores 
and vegetative forms), Escherichia coli and Serratia marcescens. 

The mixture of the spore and vegetative forms of Bacillus 
anthracis was not more than twice as resistant as Escherichia coli. 
This was true even when 100 per cent killing or zero survival was 
considered as a reference point. 

Unfiltered radiation (85 per cent 2537 A) from a commercial 
low pressure glass mercury arc was used. Its degree of purity was 
sufficiently great to make a monochrometer unnecessary for 
bacterial work, and regular 9 cm. Petri plates can be conveniently 
exposed to a uniform field of rays. 

A commercial ultraviolet ray dosimeter, calibrated in absolute 
units, was used to measure the energy. The sensitive agent is a 
tantalum-target vacuum photoelectric cell. 

It was found that the extreme values of energy necessary to kill 
90 per cent of non-sporing organisms were 168 ergs/mm^ {Shigella 
paradysenteriae) and 337 ergs/mm^* {Corynebacterium diphtheriae). 
For a mixture of spores and vegetative forms of Bacillus anthracis, 
however, 452 ergs/mm^ were necessary. The results obtained 
are compared with the data of other observers. 
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INTRODUCTION 

Seibert (1930) found that the tuberculin proteins of the three 
varieties of tubercle bacillus could be distinguished by the pre- 
cipitin test. If this method could be adapted for identifying 
tubercle bacilli, it would be preferable to animal inoculation. 
The behavior of the tuberculin proteins^ of acid-fast bacteria in 
the precipitin test is interesting not only as a possible means of 
identification of the bacilli, but also because the proteins and then- 
derivatives are apparently the active agents in tuberculins. 

METHODS 

The cultures investigated included one strain of the human 
tubercle bacillus; one strain of the bovine; five strains of the avian, 
three isolated from chickens, one from a hog, and one from a cow; 
one strain of Johne’s bacillus; and two cultures of so-called sap- 
rophytic acid-fast bacteria, one isolated from a cow and one 
from a hog.® After the growth on the synthetic medium of 

1 This work was supported in part by a grant from the Wisconsin Alumni 
Research Foundation and is published with the permission of the Director of the 
Wisconsin Agricultural Experiment Station. 

= By "tuberculin proteins” we mean proteins in culture filtrates as distin- 
guished from proteins isolated directly from cells. 

’ The human strain was obtained from the Bureau of Animal Industry and has 
been used in our laboratory for making Old Tuberculin for twenty years. The 
bovine strain, isolated by Traum, was obtained from the Cornell Veterinary 
College. The avian strains, the Johne’s bacillus, and the two saprophytic strains 
were all isolated in this laboratory. The Johne’s bacillus grows without phlei 
cells. See discussion for description of saprophytic strains. 
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Dorset and Henley (1934) had autolyzed, usually three months 
after inoculation, the cells were removed by a paper and then by 
a Handler filter. To the filtrate was added an equal volume of 
one-per-cent phenol. It was then concentrated to about one- 
tenth of the original volume by ultrafiltration and washed with 
0.5 per cent phenol imtil a BaClj test for sulphate was negative. 
Concentration was continued until the solution contained from 
0.5 to 1.0 mgm. of protein per cubic centimeter. It was then 
filtered through a Berkefeld filter and handled aseptically there- 
after. The amount of protein in the solution was estimated 
according to Seibert's (1928) method: precipitation of a 5-cc. 
sample with 5 cc. of 20-per-cent trichloracetic acid, centrifugation 
until a constant volume of precipitate was obtained, and compu- 
tation for protein content from Seibert’s determination on a 
human tubercle bacillus protein that 1 cc. of precipitate contains 
0.0674 gram of protein. Nitrogen determinations on some of 
the protein solutions, by a modification of the micro-Kjeldahl 
method involving Nesslerization and colorimeter readings, showed 
from 10.5 to 12.5 per cent more protein than was estimated by 
Seibert’s standardization method. As a precaution against one 
protein contaminating another, the Handler and Berkefeld 
filters were cleaned after each use by soaking over night in a hot 
0.5-per-cent sodium hydroxide solution; aU glassware was cleaned 
with chromic acid cleaning solution, and new ultrafilters were 
used for each protein. 

The precipitins were incited in rabbits by the subcutaneous 
injection of the antigens in solution, 3 to 5 cc. being given at 
intervals of two to three days until a total of about 25 mgm. of 
protein had been injected. In the first part of the work the rab- 
bits were bled three weeks after the last injection, but later it 
was found that the sera taken one week after the last injection 
showed more antibody. 

In making the precipitin tests, 0.1 cc. of the antigen solution 
was layered with a capillary pipette on 0.1 cc. of the antiserum. 
The antigen was tested in strengths starting from one gram of 
protein in 1250 or 2500 cc., each successive dilution being twice 
that of the preceding. Dilutions were usually made with 0.2 
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per cent salt solution, although concentrations of from 0.2 to 
0.9 per cent gave no apparent differences in the results.. Read- 
ings for rings were made after two hours at 37°C. and for precipi- 
tate after an additional 12 or more hours in the icebox. A 
lighting device described by Kanne and McCarter (1939) was 
used in examining for rings and precipitate. 

In carrying out the precipitin absorption tests, preliminary 
tests were made with a constant volume of serum and varying 
quantities of antigen to determine the ratio necessary for the 
maximum amount of precipitate. In making the absorptions, 
apparently as much precipitate was formed if incubation was 
carried out wholly at 0° as if carried out partially at 37°. 

RESULTS 

The results of the precipitin tests with undiluted antisera and 
the tuberculin proteins of the various acid-fast bacteria are given 
in table 1. The tests with the human and bovine antisera are 
not conclusive, since the protems of only one strain of each of 
the three varieties of tubercle bacilli were tried. However, these 
results agree with Seibert’s (1930) in that the proteins of the three 
varieties of tubercle bacilli and of the two saprophytes were all 
distinct. The avian protein, even though it reacted m nearly 
as high a dilution as the human protein with the human anti- 
serum, could be distinguished easily because it gave much less 
precipitate in corresponding dilutions. With the avian and 
Johne’s antisera, the avian tubercle bacilh from the different 
sources and the Johne’s bacillus could not be distinguished from 
each other, but could be distinguished from the human and the 
bovine types. Although the bovine protein reacted in high 
dilutions with the avian and Johne’s antisera, in corresponding 
dilutions much less precipitate was obtained with the bovine 
protein than with any of the avian proteins or the Johne’s pro- 
tein. Apparently comparable amounts of precipitate with 
Johne’s and avian proteins were obtained in both Johne’s and 
avian antisera. 

Tables 2 and 3 show attempts to differentiate the Johne’s 
and avian proteins by precipitin absorptions and by antiserum 



TABLE 1 

Precipitin tests with tuberculin proteins and their antisera 


AUTIGEN TITER* 


1 

ANTISERUM | 
(undiluted) 

1 

1 

Human 

t.b. 

Bovine 

t.b. 

Avian 
tb. 1 
(chick- 
en) 

Avian 
t.b. 2 
(chick- 
en) 

Avian 
t.b. 3 
(chick- 
en) 

Avian 
t.b. 4 
(cow) 

Avian 
t.b. 5 
(tog) 

Johne’s 

bacillus 

1 

Sapro- 

phj-tic 

acid- 

last 

(cow) 

Sspro- 

phjtio 

scid- 

fut 

(hog) 

Human . 

10,000 


s.ooo 


■■■ 


■i 

j 

1 

■ 

0 

Bovine 

10,000 

40,000 

5,000 1 







0 

Avian 1 . 

0 


giiEia 






nn 

0 

Avian 2 

10,000 

80,000 



60,000 

40,000 

160,000 

320,000 

20,000 

10,(00 

Avian 4 

0 

40,000 


■SRS 

40,000 

' 60,000 

1 60,000 

60,000 

10,000 


Johne's 

10,000 

80,000 


160,000 

160,000 

60,000 

160,000 

160,000 


3.CC0 

Saprophyte 

! 

1 

1 

1 







(cow) 

0 

0 

5,000 







0 


• The titer is given as the highest dilution (expressed as cubic centiinetera of solution contaiaint I 
gram of protein) of the protein solution showing a ring or precipitate ns compared with a control of anli- 
serum and salt solution. The titers for rings and precipitate were usually the same, although, Trbtn 
the lighting device was used, dednite rings could sometimes be seen with higher dilutions than shoFcd 
precipitates. 


TABLE 2 


Precipitin absorptions 


1 

ANTIGEN TITER 

TUBERCULIN PROTEIN WITH 
WHICH ANTZSrfiUM ABSORBED 

Human 

t.b. 

Bovine I 
t.b. 

Avian 
t.b. 2 
(chicken) 

1 Avian 
t.b. 3 
(chicken) j 

Avian j 
t.b. 4 
(con) j 

Johne'j 

baeiUos 


Antiserum for the tuberculin protein of avian t.b. 4 (diluted 1 to 4) 


Salt solution control 

Avian t.b. 4 

0 

640,000 

0 

320,000 

0 

320,000 

mm 


Avian t.b. 3 


0 

0 

0 



Bovine t.b 


0 

10,000 

80,000 




Antiserum for the tuberculin protein of the Johne's bacillus (diluted 1 to 4) 


Rnif. snliitioTi control 

5,000 

0 



IH 



Avinn t.b. 4 

hHE 



0 

H 

0 

0 



Bovine t.b 

Hi 




■■■■9 


TABLE 3 


Precipitin tests with diluted antisera 



antigen TITEB 

(DILUTED 1 TO 32) 

■Ml 

Avian t.b. 
2 (chicken) 

A>Tan t.b. 

3 (chicken) 

Avian t.b. 

4 (cow) 

Avian t.b. 

5 (hog) j 

Johne’i 

bacillbj 


0 

40,000 

0 


320,000 

0 

80,000 

100,000 

Johne’s 

0 

ESSI 

160,000 
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dilution. In the precipitin absorption tests, absorption of both 
avian and Johne’s antiserum with bovine protein removed only 
bovine-reacting precipitins, while absorption with avian protein 
removed bovine, avian, and Johne’s precipitins. The Johne’s 
protein never completely absorbed precipitias for either the avian 
or Johne’s proteins and is, therefore, not included in the table. 
When the antisera were diluted 1 to 32, as in table 3, the bovine- 
protein-reacting precipitins were eliminated but the Johne’s 
and avian were still not distinguishable. Further dilution elim- 
inated both Johne’s and avian precipitins. 

DISCUSSION 

That the proteins are the active antigens in tuberculins has 
been assumed in the interpretation of our results. This assump- 
tion is made on the basis of the finding by Seibert and Munday 
(1931) that the antigenicity of tuberculins in the precipitin test 
is correlated with high nitrogen content and large molecular size 
rather than with carbohydrate content, although polysaccharide 
is combined in some way with the protein in ultrafiltered tuber- 
culins. This polysaccharide is removed from the protein deriva- 
tives in the P.P.D. (Purified Protein Derivative) tuberculin by 
repeated precipitation of the protein solution with trichloracetic 
acid. Since we wished to alter the protein as httle as possible, 
and were interested in finding a test for identifying acid-fasts 
which would involve as few manipulations as possible, we did 
not remove the carbohydrate from the protein solution. 

On the basis of our results, human, bovine, and avian tuber- 
culin proteins could be distinguished from each other by the 
precipitin test. The separation of human from avian protein 
is evident from table 1, since the avian always gave much higher 
titers with avian and Johne’s antisera. The bovine was separated 
from the avian on the basis of a much higher titer with bovine 
antiserum and much less precipitate with avian or Johne’s anti- 
serum in comparable dilutions. Also, the bovine protein did not 
absorb all the avian or Johne’s precipitins from either the avian 
or the Johne’s antiserum but only reduced them slightly. (We 
did not test the capacity of the bovine protein to absorb com- 
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pletely the bovine antiserum, and therefore would not draw 
conclusions from the absorption test alone, since the antigen in 
question has not been shown to absorb completely its own or a 
heterologous antiserum.) 

The proteins of the three avian strains from chickens, the strain 
from the cow, and the strain from the hog, all behaved so nearly 
alike in the precipitin test as to be indistinguishable. Some 
variations do occur in the behavior of the different avian proteins 
in the antisera for the avian tubercle bacillus strains 2 and 4, 
and in the diluted antiserum for strain 4. These variations can 
be attributed to varying amounts of different proteins in the 
same tuberculin or of different reactive groups on any one pro- 
tein. Seibert, Pedersen, and Tiselius (1938) have found that 
even the P.P.D. tuberculin contains several proteins or protein 
derivatives of different molecular weights. The bovine protein 
apparently reacts in avian antisera with the antibody for only 
part of the proteins or reactive groups. 

The surprising result was that the Johne’s bacillus protein 
could not be distinguished from the avian tubercle bacillus pro- 
teins in either undiluted or diluted antisera. The precipitin 
absorption tests gave corroborative evidence that the tuberculin 
proteins of the Johne’s bacillus and of avian tubercle bacilli are 
closely similar, since the proteins of the avian strains 3 and 4 
removed all precipitins from the antisera for the Johne’s protein 
and for the avian (strain 4) protein. 

The Johne’s bacillus and the avian tubercle bacillus have 
widely different cultural characteristics and pathogenic capaci- 
ties. Evidently, however, they have a common protein and 
therefore cannot be identified by the precipitin test. Conse- 
quently the test can not be used by itself to identify an unknown 
acid-fast, but can be used to give evidence supplementary to the 
cultural and pathogenic characteristics. Thus, the culture of 
avian tubercle bacilli from the cow, designated as strain 4, reacts 
as an a%dan or Johne’s strain in the precipitin tests; has the cul- 
tural characteristics of the avian tubercle bacillus; is pathogenic 
for rabbits and not for guinea pigs; but does not produce pro- 
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gressive tuberculosis in chickens (a full description of this culture 
will be published). 

The similarity of the tuberculin proteins of the Johne’s bacillus 
and the avian tubercle bacillus is interesting because it gives a 
stronger basis for the use of avian tubercuHn in the diagnosis of 
Johne’s disease, which Hagan and Zeissig (1927-28) have ad- 
vocated on the basis of clinical findings. It had been thought 
that this might be because both avian tubercle bacilli and Johne’s 
bacilh are so often isolated from animals having Johne’s disease. 
On the basis of the precipitin test, the common proteins probably 
account for the success of the diagnostic test. 

That neither of the two saprophytes tested is a variety of 
tubercle bacillus was established by the precipitin test. The 
one microorganism was isolated from a no-visible-lesion tuber- 
culin-reacting cow. Injection of this culture sensitized another 
cow to human tuberculin, and Feldman (1933) found that it 
sensitizes chickens to avian tuberculin. The other saprophjde 
was isolated from a hog, from lymph nodes showing caseous 
pinhead-sized tubercles. Neither culture is pathogenic for rab- 
bits, chickens, or guinea pigs, and both cultures have quite similar 
cultural characteristics. The protein of the saprophyte from the 
hog does not give any cross reaction in the antiserum for the 
protein of the saprophyte from the cow; indicating that the two 
saprophytes are different species. 

The occurrence of cross-reactions with the avian tuberculin 
protein in the antisera for the mammahan (human and bovine) 
tubercuhn proteins, and with the mammalian proteins in the 
avian antisera, is in agreement with the findings that all human 
beings sensitive to mammalian tuberculin react to avian tuber- 
culin (McCarter, Getz, and Stiehm (1938)), and that cattle in- 
fected with avian tubercle bacilli react to mammahan tuberculin 
(McCarter, Beach and Hastings (1937)). 

Since the tuberculin proteins of the three varieties of tubercle 
bacilh, of the Johne’s bacihus, and of the two saprophytes all 
reacted in more than one heterologous antiserum, it is doubtful 
whether a tubercuhn test with any of the available tuberculins 



468 J. McCAETEH, E. M. KANNE AND E. G. HASTINGS 

can be used to diagnose for infection with a specific acid-fast 
microorganism; i.e., whether a reaction to a specific tuberculin 
necessarily means that the animal tested has been infected with 
the acid-fast from which the tuberculin was made. 

CONCLHSIONS 

1. The tuberculin proteins of the human, the bovine, and the 
avian tubercle bacillus are distinguishable by the precipitin test. 

2. The tuberculin proteins of the avian tubercle bacilli isolated 
from the chicken, the cow, and the hog, and the protein of the 
Johne’s bacillus can not be differentiated by the precipitin test. 

3. The tuberculin proteins of two so-called saprophytic acid- 
fast bacteria, one isolated from the cow and one from the hog, 
are distinguishable from each other and from the proteins of the 
tubercle bacilli and of the Johne’s bacillus. 

4. The precipitin test with tuberculin proteins as antigens is 
useful in identifying unknown acid-fast bacteria when considered 
in conjunction with cultural and pathogenic characteristics. 
Further purification of the protein solutions seems necessary 
before the precipitin test can replace other methods of identifica- 
tion of acid-fasts. 
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PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY 
OF AMERICAN BACTERIOLOGISTS 

WASHINGTON BRANCH 
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Oxidation op Pebseitol by Aceto- 

BACTEB SUBOXYDANS. E. B. TUdefl, 
Division of Chemistry, National 
Institute of Health, Washington, 
D. C. 

Perseitol (a-d-mannoheptitol), ob- 
tained from the seeds of the avocado, 
was oxidized by Bertrand, in 1908, to a 
crystalline ketoheptose (perseulose) by 
using the alcohol as carbon source in 
yeast extract cultures of his “sorbose 
bacterium" {Acetohacter xylinum). 
Bertrand obtained 45% yields of the 
sugar. The preparation of perseulose 
in quantity for chemical studies was 
the object of the present work. 

In the bacterial method of prepa- 
ration of sorbose, Kluyver and de 
Leeuw’s Acetobacter suboxydans had 
recently been found to give better 
yields than A. xylinum. It also grows 
in a homogeneous suspension in cul- 
ture. While the bacteria oxidize a 
commercial sorbitol syrup nearly quan- 
titatively in the presence of 0.5% 
yeast extract alone, only 30% perseitol 
was oxidized imder the same condi- 
tions. However, complete oxidation 
was obtained by addition to the yeast 
extract of a small amount of glucose 
(0.05%), together with phosphate buf- 
fer. The optimum pH for the reaction 
was 6.0-6.8. The glucose-phosphate- 
yeast extract appears to be a suitable 
medium for the oxidation of other 
pure sugar alcohols by A. suboxydans, 


as judged from preliminary tests in 
which the presence of reducing sugar 
was determined by Shaffer Hartmann 
tests. 

Effect on Factoby Cane Juices and 
S iBUPS OF Lbuconostoc Mesen- 
TEBOiDEs Isolated fbom Fbost 
Damaged Louisiana Sugabcanb op 
THE 1937 Chop. M. A. McCalip, 
Carbohydrate Research Division, 
and H. H. Hall, Food Research Di- 
vision, Bureau of Chemistry and 
Soils, U. S. Department of Agri- 
culture. 

The gum-producing microorganism, 
Leuconostoc mesenteroides, was isolated 
from the 1937 crop of Louisiana frozen 
sugarcane. The gum dextran, pro- 
duced by the microorganism at the 
expense of sucrose, greatly increases 
the viscosity of juice and sirup from 
the cane, retards filtration and crystal- 
lization and introduces difficulty and 
errors in sucrose determinations. 
Growth of a pure culture in non- 
buffered 10 per cent sucrose solution 
at 20°C. results in a loss of sucrose, 
rapid increase in acidity and increase 
in reducing sugars in which glucose 
predominates. When the microorgan- 
ism was cultured in a sugar solution 
buffered to pH 7.5, the viscosity was 
increased several fold and crude gum 
was formed to the extent of approxi- 
mately 50 per cent of the original 
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sucrose content. d-Mannitol was re- 
covered from the solutions which 
underwent viscous fermentation. 

A Basidiomtcete Cultuee from 
Sputum. C. W. Emmons, Division 


of Infectious Diseases, National 
Institute of Health, Washington, 

D. C. 

Notes on Recent Books of Inteuest 
TO Bacteriologists. M. C. Lei- 
Lind, Library of Congress. 



ON THE “ACTIVATION” OF THE LACTASE OF 
ESCHERICHIA COLI-MUTABILEJ 

CHARLES J. DEERE 

Department of Chemistry, University of Tennessee School of 
Biological Sciences, Memphis 

Received for publication August 24, 1938 

The studies reported in this paper were directed to an explana- 
tion of the puzzling phenomenon that the non-lactose-fermenting 
Escherichia coli-mutabile contains lactase (Deere, Dulaney and 
Michelson, 1939). Earlier experiments led us to believe that the 
antiseptics employed “activated” the lactase which was present, 
but inactive, in living growing cultures of the non-lactose-fer- 
menting (white) form. Use of an antiseptic was at first necessary 
in determinations of lactase activity since it protected the digest 
against contaminants and rendered the preparations incapable 
of attacking glucose and .galactose. It was later found that 
lactase activity of preparations of the white form did not depend 
on the presence of, or preliminary treatment with, an antiseptic. 
Drying of cell suspensions by vacuum distillation suffices to 
“activate” the lactase. 

We have investigated more extensively the effect of drying on 
the various enzyme activities of these organisms. The drying 
process, unhke the various lactase “activating” antiseptics which 
we have employed, only partially inhibits the enzyme system or 
systems concerned in the metabolism of glucose and galactose. 
Hence, reduction methods for sugars present great difficulties 
in evaluating results obtained on digests in which the reducing 
value is being increased by one process (lactose hydrolysis) and 

* The data in this paper are taken from a dissertation presented by Charles J. 
Deere to the Committee on Graduate Study in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy, University of Tennessee, Septem- 
ber, 1937. 
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decreased by another (monose metabolism). Since a portion 
of the sugar metabolism of Escherichia coli-imiiahih involves the 
consumption of oxygen, this oxidative phase apparently being 
limited to monose metabolism, we have attempted herein to 
analyze enzyme activities from measurements of o.\ygen con- 
sumption. For brevity we shall designate the 0023^0 S 3 ’stcni 
responsible for oxygen consumption as the “oxidase S 3 'steni.” 
The over-all increase in oxygen consumption b}^ dried organisms 
in lactose, as contrasted with non-dried organisms in lactose, is 
to be attributed to a primary hydrolysis of the lactose in the first 
instance and an only partially destructii'-e effect of the drying 
process upon the subsequent monose metabolism. 

METHODS 

Oxygen consumption 

Oxygen consumption of cell suspensions was measured in a 
Warburg apparatus at 37.5°C. Carbon dioxide was absorbed 
by a roll of filter paper moistened with 0.1 cc. of 20 per cent 
potassium hydroxide. 

Cell preparations 

The cells were grown on plain or sugar agar and cell suspensions 
were prepared as described previously (Deere, Dulanc}^ and 
Michelson, 1939). One-cubic centimeter quantities of cell sus- 
pensions were dried in weighed Warburg flasks by vacuum distil- 
lation. The weight of dried cells was determined and 1 cc. of 
distilled water added to replace that lost in drying. One-cubic 
centimeter portions of cell suspensions which had not been dried 
served as controls. 


Procedure 

To the aqueous suspensions of dried or non-dried cells in the 
Warburg flasks were added 1 cc. of 1.5 per cent sodium chloride 
in 0.3 M phosphate buffer (pH 7.0) and 1 cc, of 1.5 per cent sugar 
solution or (for control) 1 cc, of distilled water. The flask.s were 
attached to manometers and placed in the bath. Fifteen minute.^ 
later the vessels were shut off from the air and the pressure 
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changes recorded at 15-ininute intervals. With samples whose 
oxygen consumption was high, the vessels had to be opened at 
each 15-minute interval. When this was necessary, 1 minute 
elapsed between successive intervals. 

RESULTS 

In experiment 1 (table 1) is reported the oxygen consumption of 
suspensions of 24-hour plain-agar cultures of Garrett white. In 
lactose, the dried sample (sample 4) consumed 2.5 times as much 
oxygen as the non-dried sample (sample 10). The oxygen con- 
sumption of dried cells (sample 8) in glucose was about two- 
thirds that of non-dried cells in glucose (sample 18). These 
results demonstrate a partial inhibition of the oxidase system by 
drying but an “activating” effect on lactase. The oxygen con- 
sumption of dried cells suspended in glucose is about 3 times that 
of similarly treated cells suspended in lactose. This finding is 
not surprising in view of our previous demonstration (Deere, 
Dulaney and Michelson, 1939) that cells grown in the absence of 
lactose have only slight lactase activity. 

A similar experiment (experiment 2, table 1) was performed 
using suspensions of Garrett white which had been grown for 24 
hours on 1 per cent lactose agar. The results are qualitatively no 
different from the results reported in experiment 1. Dried cells 
(sample 8) consumed slightly less oxygen in glucose than non- 
dried cells (sample 18) but, in lactose, dried cells (sample 4) con- 
sumed 3.7 times as much oxygen as non-dried cells (sample 10). 
Non-dried cells (sample 3) consumed about one-half as much 
oxygen in the absence of sugar as similarly treated cells suspended 
in lactose (sample 10). These results demonstrate again the 
“activating” effect of drying on the lactase of this organism. 
Comparison of these results with experiment 1 demonstrates the 
large increase in lactase content which occurs when this organism 
is grown on lactose. 

We then turned our attention to the behavior of the lactose- 
fermenting (red) strain in similar experiments. Experiment 3 
(table 1) gives the results obtained with a suspension of a 24-hour 
growth of Garrett red on 1 per cent lactose agar. It will be noted 
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that only a slight oxygen consumption by dried preparations 
occurs in lactose or glucose (samples 4 and 8). These results 
indicated that destruction of the oxidase system had occurred 
during the drying procedure, earlier work (Deere, Dulaney and 
Michelson, 1939) having demonstrated that lactase is not dam- 
aged by drying. Dr 3 dng had not destroyed the oxidase system 
of the white strain (experiments 1 and 2). The most plausible 
explanation of the difference in behavior of the two strains 
appeared to be the difference in pH of the medium from which the 

TABLE 2 

Oxygen consumption of suspensions of Garrett red grown on lactose agar 


Samples 10, 16 and 18 washed in NaHCOj to bring pH to 7.6 
Substrate — 0.1 M phosphate, pH 7.0, 0.5 per cent sodium chloride, 
and 0.5 per cent sugar 
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cells had been harvested. 24-hour growth on lactose agar 
produced a pH of about 5 for the red and above 7 for the white 
strain. It appeared unlikely that more than traces of organic 
acids would remain in the cells of the red strain during the process 
of washing, once in saline and twice in distilled water. This 
possibility, however, was now tested. 

A 26-hour growth of Garrett red on 1 per cent lactose agar was 
harvested in saline as usual and the resulting suspension divided 
into two parts. One part was centrifuged without further 
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treatment. The second part was treated with an equal volume 
of hl/lO sodium bicarbonate and then centrifuged. The super- 
natant fluid from the bicarbonate-treated sample had a pH of 
7.6,' the untreated sample had a pH of 4.9. Both samples were 
washed twice in distilled water in the usual manner and portions 
prepared for study of the effect of drying on oxygen consumption. 
The results (table 2) demonstrate a similar behavior of the non- 
treated and bicarbonate-treated samples. The non-dried samples 
consumed oxygen rapidly in glucose but the dried samples con- 
sumed negligible quantities of oxygen in lactose or glucose. 
Thus, it appeared that the oxidase system of the red strain was 
peculiarly susceptible to destruction by drying or that growth on a 
fermentable sugar produced a susceptibility to destruction, a 
susceptibility which was not altered by neutralization of the 
products of fermentation before drying. 

We therefore tested the effect of drying on the oxidase activity 
of a plain agar culture of the red strain. A 23-hour growth of 
Garrett red gave a pH of 7.3, a reaction similar to that of a 
lactose agar culture of the white strain. The results (experiment 
4, table 1) demonstrate the failure of the drying technique to 
paralyze the oxidase system of cells of the red strain grown in this 
manner. It appears then that growth of the red strain on a 
fermentable sugar is responsible for the susceptibility of its oxi- 
dase system to destruction by drying. It seemed unlikely that 
this behavior was peculiar or characteristic of only the red strain. 
This indicated the advisability of studying the behavior of su.s- 
pensions of the white strain which had been grown on a ferment- 
able sugar. 

A 24-hour culture of Garrett white on 1 per cent glucose agar 
was treated in the usual manner and the effect of drying on the 
oxygen consumption of cells suspended in glucose was deter- 
mined. The destructive effect of drying on the oxidase system 
of these cells is apparent (experiment 5, table 1). Our original 
plan of comparing the effect of drying on the lactase activity of 
the two strains could then be carried out. This required a dry 
preparation which retains oxidase activity which could be ob- 
tained with the red strain only by growling it on plain agar. 
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Study of a 255 -hour plain-agar culture of Garrett red revealed 
that drying doubled the oxygen consumption of cells suspended 
in lactose (experiment 6, table 1). Comparison of these results 
with those of experiment 1 and 2 demonstrates a similarity in the 
activating effect of drying on the lactase activity of both the 
white and red strains though the activation is more marked with 
the white. 

It occurred to us that the increase in lactase activity which 
takes place on drying might be due to release of lactase from cells 
into the surrounding fluid. An experiment was designed to test 
this hypothesis. A 25-hour growth of Garrett white was har- 
vested from 1 per cent lactose agar, the pH being 7.2. The cells 
were washed in the usual manner and resuspended in water. 
Four 1-cc. portions of the suspension were measured into Warburg 
flasks and set aside for respiration studies, after one of them, no. 
7, had been dried by vacuum distillation. The weight of dry 
material was 7.1 mgm. Two 3 cc. portions of the suspension 
were measured into centrifuge tubes and used for preparation of 
extracts A and B. 

The sample used for preparation of extract A was dried in a 
50 cc. centrifuge tube by vacuum distillation, the weight of dry 
material being 21.3 mgm. After the dried sample had stood for 
2| hours, 3 cc. of 1.5 per cent sodium chloride in 0.3 M phosphate 
buffer were added to it. The cells were resuspended and 15 
minutes later the sample was centrifuged. One cubic centimeter 
of the supernatant fluid represents the extract from 7.1 mgm. of 
dried cells and is designated as extract A. 

A second 3-cc. portion of the original suspension was centrifuged 
and the supernatant fluid removed as completely as possible. 
Then 3 cc. of the phosphate-sodium chloride solution were added, 
the cells resuspended, and 5 minutes later the sample was cen- 
trifuged. One cubic centimeter of the supernatant fluid repre- 
sents the extract from 7.1 mgm. of non-dried cells and is desig- 
nated extract B. 

For determination of the effect of these extracts on the oxygen 
consumption of cells, samples containing cells alone, extract 
alone, and cells in the presence of extract were prepared. Lac- 
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tose was added to all sarnples. The results of the experiment arc 
presented in table 3. 

Extract B (of non-dried cells) consumes no oxygen in the pres- 
ence of lactose (sample 16). Addition of extract B to non-drieci 
cells suspended in lactose (sample S) results in no greater oxygen 
consumption than was observed in the absence of extract (sample 
10). These facts are interpreted as indicating the absence of 
lactase in extract B. 


TABLE 3 

The lactase activity of an extract of dried cells of Garrett white 
Substrate — 0.1 M phosphate, pH 7.0, 0.5 per cent sodium chloride, 
and 0.5 per cent lactose 

E.^tract A is an e.’ctract of dried cells. E.^tract B is an extract of non-dried cells 
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Extract A (of dried cells) produces gas when added to lactose 
(sample 18). Since potassium hydroxide was present to absorb 
carbon dioxide, it seems probable that some hydrogen was pro- 
duced. Addition of extract A to non-dried cells suspended in 
lactose (sample 4) results in an oxygen consumption 1.9 times 
that obserx'ed in the absence of extract (sample 10). We attrib- 
ute these results to the presence of lactase in extract A. 

DISCUSSION 

The results reported here confirm previously reported finding 
that the difference in the two strains of Escherichia coU-mulabile 
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does not lie so mucli in lactase content as in lactase activity, the 
lactase of the white strain being inactive in uninjured cells. Sev- 
eral possible explanations of the presence of an inactive enzyme 
in a cell can be offered. One explanation is the presence of a 
specific enzyme inhibitor or antienzjone as postulated by Stewart 
(1926 and 1928). Our results do not contradict this hypothesis. 
In fact, our results could be explained easily if it could be shown 
that an antienzyme is, in reality, present. However, if this 
explanation is correct, the antienzyme is very labile for it is 
destroyed by antiseptics or by drying. We have considered 
trying to extract such a substance but, if it is present, its extreme 
labihty has made the possibihty of extracting it exceedingly re- 
mote. 

Stewart believed that the variants were formed through the 
loss of this hypothetical antienzyme by growth on lactose. He 
assumed, but did not prove, the presence of lactase in the white 
form of Escherichia coli-mutahile. Lewis (1934) does not accept 
Stewart’s view. Lewis believes he has demonstrated that the 
mutation of Escherichia coli-mutahile occurs continuously, ir- 
respective of the medium. 

A possible explanation which seems plausible to us is based on 
permeabifity of the bacterial cell. Is it not possible that the 
failure of the white strain to metabolize lactose is due to im- 
permeability of the cell to lactose rather than to inactivity (anti- 
enzyme suppression) of its lactase? Search of the hterature has 
revealed no answer to the question of the permeability of bacterial 
cell membranes to sugars. Lactase of this group of organisms is 
generally agreed to be intracellular. The methods which we 
have used for demonstration of lactase in Escherichia coli-mutahile 
undoubtedly injure the cells. Since uninjured cells of the white 
strain do not metabolize lactose, and since injury which is known 
to influence permeabifity renders them active towards lactose, it 
seems reasonable to suggest that the inability of the uninjured 
cells to metabolize lactose is due to their impermeability to 
lactose. We have demonstrated that sigmficant amounts of 
lactase can be extracted from injured (dried) cells (table 3) but 
change in permeabifity of the cell to lactose may be of more 
consequence than change in permeabifity to lactase. 
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An hjTDothesis based upon permeability of the cells must explain 
the following facts: 

1. The white strain contains lactase but is unable to ferment 
lactose. Impermeability of the cells to lactose would satis- 
factorily explain this fact. 

2. Prolonged growth of the white strain in the presence of 
lactose results in the production of lactose-fermenting variants 
(reds). This transformation could be explained as a change from 
a cell impermeable to lactose to one permeable to it. 

3. Treatment of cells of the white strain with antiseptics or 
simply dr 3 dng them renders their lactase active. These treat- 
ments are injurious to the cell and cell injur}’’ is known to alter 
permeability. These facts fit well in the hypothesis. 

4. Drying cells of the red strain increases their lactase activity 
as judged by their oxygen consumption in the presence of lactose. 
This fact can be reconciled with the permeability h3T3othesis on 
the assumption that the uninjured cells are difficultly permeable 
to lactose and that the drying process increases this permeability. 

SUMMARY 

Studies on the oxj^gen consumption of preparations of Escher- 
ichia coli-mufabile have demonstrated the following facts; 

1. Lactase activity of preparations of the white strain does not 
depend on the presence of or preliminary treatment with an anti- 
septic. High vacuum drying suffices to increase the oxygen 
consumption in lactose to 3 to 6 times that observed with non- 
dried preparations. 

2. Our prex’ious demonstration of the necessity of the presence 
of lactose in the medium on which cells are grown in order to ob- 
tain high lactase actmty is confirmed by the present study. 

3. High-vacuum-dried preparations of the red strain harvested 
from lactose agar consume no oxygen when suspended in lactose. 
This beha’v'ior was shown to be due to inactivation of the oxidase 
sj'stem bj’’ the drying procedure, 

4. Drying cells of the white strain which have been grown on 
glucose results in inactivation of their oxidase system. Thia 
phenomenon wms observed with both the white and red strains 
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when they had been grown on fermentable carbohydrate and was 
not observed when they were grown in the absence of fermentable 
carbohydrate. The significance of this observation is not 
apparent. 

5. Drying cells of the red strain which have been grown on 
plain agar yields a preparation which consumes more oxygen when 
suspended in lactose than does the corresponding non-dried prepa- 
ration. In this case the increase in oxygen consumption is not 
as marked as with the white strain. 

6. Extracts of dried cells of the white strain increase the oxygen 
consumption of non-dried cells suspended in lactose. A similar 
extract of non-dried cells does not have this effect. 

An hypothesis of altered membrane permeability which at- 
tempts to explain the observed facts is presented. 
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Among fundamental developments in bacteriology the elab- 
oration of solid culture substrates will always hold first place. 
With the introduction of a method for isolating microorganisms 
and growing them in pure culture, bacteriologists possessed the 
means for stud 3 dng what Ferdinand Cohn (1872) called “Die 
kleinsten lebenden Wesen.” Credit for the discovery of the 
solid medium technique is commonly accorded to Robert Koch, 
but, as is usual with discoveries of major importance in science, 
he had his fore-runners. Of course this detracts in no way from 
the glory of Koch’s achievement; his genius lay in his ability to 
bring order out of chaos. Starting as it were with a box of mis- 
cellaneous beads, varying in size and shape, each bead a scientific 
fact, he found a thread on which the beads could be strung to 
form a perfect necklace. 

There are, it seems, two t 5 q)es of workers in Science, the bead 
collectors and the bead stringers. Which of the two is more 
important must not be a question for discussion here. It is a 
fact, however, that bead collectors are more numerous than bead 
stringers and it is also an historical commonplace that the bead 
collectors are more obscure, less known to the world, than those 
geniuses who string necklaces. The historian of science must 
concern himself with both types of workers and their productions. 
The contributions of the obscure are sometimes as important as 
those of investigators in a more favorable position to be il- 

485 



486 ABTHim PAHKER HITCHENS AND MORRIS C. LEIKIND 


luminated by the spotlight of fame. Yet history does record the 
work of individuals, vho, while generally unknown and unsung 
have made discoveries of lasting value. As a foreword or 
"Golden Text” to his volume Behind the Doctor, Clendening 
(1933) quotes from Oliver Wendell Holmes that medicine learned 
“from a Jesuit how to cure agues, from a friar how to cut for the 
stone, from a soldier how to treat gout, from a sailor how to keep 
off scurvy, from a postmaster how to sound the Eustachian tube, 
from a dairymaid how to prevent smallpox, and from an old 
market-woman how to catch the itch-insect.” 

To this list we can now add a housewife and tell the story of 
how she helped her bacteriologist husband in his studies upon tlic 
microorganisms of the air and thereby achieved pure cultures. 
For many years it has been known to bacteriologists that agar- 
agar was introduced into bacteriological technique by a certain 
Frau Hesse. But who Frau Hesse* was and how she came upon 
this important innovation has been until now generally unknown. 
In August of 1937 we came into the possession of additional fact.s 
concerning this discovery. The story of Fannie Eilshemius Hesse 
is, we feel, of interest to all bacteriologists, but especially to 
American students of this branch of science. Following the 
publication of his brief memorial notice in the Zentr. f. Bakt., 
1935, we wrote to Professor Edgar von Gierke (1935) asking 
if he would put us on the track of information we had been 
seeldng for many years. He kindly referred our letter to Dr. 
Friedrich Hesse, a surgeon now living in Dresden, Germany. 
He is the son of Frau Hesse and graciously provided us with the 
facts upon which our story is based. We have also received 
from him portraits of his parents, here reproduced for the first 
time. For these facts and photographs, bacteriologists in general 
owe a debt of gratitude to Dr. Friedrich Hesse. 

Frau Hesse was born Fannie Eilshemius in 1850 in a locality 
now incorporated in Jersey City in the state of New Jersej. 

> There are tn-o brothers of Frau Hesse still living in New York City, Mr- 
Heno' and Louis Eilshemius. The latter is a well known artist, his ^"r*: 
being the subject of an illustrated paper published in the October (lOV) num j-r 
of the Magazine of Art. He has often abbreviated his name to Elshcma-". 
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At that time this community was known as Laurel Hill. Her 
father had immigrated here from Germany in 1818. We know 
little of her early life. In 1874 she went abroad, traveling over 





t 
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l 

Fratj Fanny Eilshemids and Dr. Wadther Hesse 

Europe and finally coming to Germany. It was there she met 
Walther Hesse, then a district physician in Schwartzenberg, 
SaxonjL Young Hesse was more than a mere countiy doctor 
and health officer. He was aware of the new scientific horizons 



4SS ARTHUR PARKER HITCHENS AND MORRIS C. REIKINI) 


appearing in the work of Pasteur, Koch, Ferdinand Colni and 
man}' others, for in the M'inter of 1SS1-S2 he became a shidont 
of the then new science of Bacteriolog}' under Robert Koch in 
the laboratories of the Kaiserliche GcsundhcHsamt, in Berlin. 
iNIany problems Avere pressing for solution in those early day.-; and 
although the most important were those dealing with the bacteria 
causing infectious disease, the problem of the general distri- 
bution of these organisms was not neglected. Hesse (18S1) 
liegan to study the bacterial content of the air.= These studies 
were continued at his home in Schwartzenberg after Ins half- 
year period of residency in the Imperial Health Office. It was 
in his home, now also his laboratory, that the momentous di.-- 
covery M'as made. To understand the importance of this new 
technical achievement we must review briefly a few facts re- 
garding the historical development of pure culture methods. 

As we now know so well from the work of Dobell (1032) and 
the translation of Cohen (1937), bacteria had been scon and 
described by Leeuwenhoek just a little over two hundrcrl years 
before Hesse began his research. During most of the inter- 
vening period observers had been content to study them as they 
were found in nature. Until the time when Pasteur (18.17) 
began his researches on fermentation few individuals had seemed 
to be interested in vdiether bacteria could be grown or not. 
Except to a few botanists, especially Ferdinand Cohn (1872), 
the problem of the classification of species and genera was of 
little moment. !Most students agreed with Linnaeus (1793) 
that bacteria belonged in the cla.ss Chaos; they were little ad- 
vanced beyond the early classification made by Otho Fridcricu-; 
Hiiller (1773). With the studies of Pasteur (18.17), Cohn 
(1872), and Koch (1881, 1882) a new era began. Pa«tcur, 
although no systematist, demonstrated tlic pli}>iologic;il speci- 
ficity of bacteria. In his studies on fermentation he .-liowcd that 
each D'lie of the organisms wliich he called b}- >o many dilTcrenf 

- Tlio rc=uUs of thi-; work were finally piibli-lir-il in vol II (I.‘'SI) of tli.' ( ootri- 
bution.^ from tho Gc-^undhcit-.-imt. Tin- papf-r i-- illu-trati d by tbn c doiibli p i.'' 
cbromolitbof;raph=. Tlif original p.iintim;' for tlio-c v.cri' made In I r.iii lb 
They are in ever\ uay excellent. 
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names was characterized by and responsible for specific physio- 
logical activities. In order to prove his contention that specific 
organisms could bring about alcoholic, lactic or butjrric fermenta- 
tions he devised simple nutrient fluids of known composition to 
demonstrate these reactions. By transferring minute quanti- 
ties of fluid containing bacteria from flask to flask he was able 
to obtain relatively pure cultures. At least they were pure on 
the basis of the fermentations brought about. There were 
various attempts ^o modify his medium and many workers, 
among them Klebs (1873), Lister (1878), and Salomonsen (1876), 
attacked the problem of growing pure cultures, with varying 
degrees of success. The great stumbhng block was that they 
were all working with fluid culture media and the diflficulties were 
almost insuperable. But another group of workers, especially 
those interested in fungi, were attacking the problem from a 
more productive angle. As related so dramatically by Harrison 
(1924) and echoed by Reid (1936) people had for centuries been 
terrified and awed by epidemics of “blood spots” miraculously 
appearing on food stuffs, especially the holy wafers. In 1819 
an extensive and persistent epidemic of “bloody bread” broke 
out in Padua. An official investigation was made and one of 
the investigators, Bartolomeo Bizio, recognized the fungus nature 
of the blood-red growth. He isolated it from some corn porridge 
(polenta) and carried out a series of successful transfers to other 
farinaceous materials. Bizio (1823) named the organism Ser- 
ratia marcescens: Serratia, in honor of Serafino Serrati, who was 
the first to run a steamboat on the Arno, the species name 
signifying putrefaction. Bizio is not heard of further but we 
may date the first attempts to grow bacteria on solid culture 
media from his experiments. Observations were made con- 
cerning the more or less accidental growth of bacteria on various 
organic solid media in the years that followed, but there were 
none planned with definite and serious purpose until we come to 
the work of Schroeter (1872), a pupil of Ferdinand Cohn. The 
paper that he published in 1872 on the chromogenic bacteria is 
a landmark. He was able to separate various chromogens from 
each other by growing them on solid media such as potato, coagu- 
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lated egg white, starch paste and meat. Schroeter found ihnt 
on these solid substrates his pigment producers often appeared 
as isolated spots of color. He then learned that all organisms 
in a single spot or colony were alike. "^Tien he transferred 
organisms from a single colony to fresh media he was able to 
grow the same organisms and, by repeated transfer, to continue 
the process indefinitely. He had there the secret of pure culture 
study but technical difficulties stood in the way of the universni 
appheation of his method. The difficulties n^re due to the pres- 
ence of nonchromogenic bacteria, especiallj'^ when the unjjig- 
mented colonies closely resembled the color of the medium. It 
was only a few years later that Koch (ISSl) entered the field 
and his genius promptly solved these disturbing problems. He 
recognized that one must have a substrate which was at once 
solid, transparent and sterile. What he sought was a uni\'cr.'al 
culture medium, but he soon recognized the impracticability of 
this quest. He then turned his attention to finding a suitable 
jelly that could be incorporated with a nutrient fluid. His most 
promising material was gelatin which the mycologists, among 
them Vittadini (1850), had been using, for 30 years. With the 
aid of this medium and his plating and dilution method, Koch 
(1881) revolutionized bacteriological technique. Isolating pure 
cultures was, in comparison with the older techniques, cnor- 
mousl}’’ simplified. However, the way was not yet completely 
cleared. Gelatin was not quite the ideal jellifying medium re- 
quired. It possessed two undesirable qualities. First, it was 
liquefied by certain organisms. This characteristic, while of 
value in the identification of a Ijdic ferment, ruined the medium 
for the purposes of isolating pure cultures. The second defect 
arose from the fact that gelatin is not solid but fluid at 37’C. 
incubator temperature. It wms satisfactory for organisms cul- 
tivable at room temperatures — 22°C., or below — but not for 
pathogens requiring blood heat. 

It was with these difficulties that Walther Hesse and his wife, 
Fannie, wrestled. Fanme was not merely' the ^'IIau«frau, 
she was also the technician and the artist illustrator in the home 
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and laboratory of Dr. Hesse. She cooked not only the soup for 
her family but also bouillon for her husband’s bacteria. In the 
studies of atmospheric bacteria made by Dr. Hesse (1884), 
tubes lined with gelatin were used. Measured quantities of air 
were aspirated through these tubes and from the colonies of 
bacteria developing on the lining medium the numbers and lands 
of microbes in the air were listed. But the maddening liquefac- 
tion of gelatin ruined many of the experiments and finally 
Hesse began to seek new solidifying agents. At this point Frau 
Hesse became an historic figure. She suggested the use of 
agar-agar which she had been using for years in her kitchen in 
the preparation of fruit and vegetable jellies. '^Tiile yet in 
America she had received the recipe from her mother; her mother 
in turn had obtained the formula from some Dutch friends who 
had formerly lived in Java. In the East Indies, where the source 
of agar-agar, Japanese seaweed (Gelidmm corneum), also abounds, 
this curious material had been used for generations as a jellifying 
agent and as a thickening for soups (Smith, H. M., 1905). 

We can imagine the elation of Dr. Hesse when he set up and 
studied his tubes lined with his wife’s new medium and found 
that his troubles were at an end. Now he could prepare a 
substrate, solid, transparent and sterile, which would retain its 
consistency at all temperatures at which bacteria could grow 
and which, furthermore, would not be liquified by any of the 
organisms he encountered in his studies. Without delay the 
discovery was communicated to Robert Koch by letter, probabty 
late in 1881. Koch recognized its value and made it his own. 
In 1882, in his now classic preliminary note on the tubercle 
bacillus, Koch made what is the first printed reference to the 
use of agar — just one short sentence for a technical improvement 
so fundamental and epoch making. No formal paper was ever 
published. 

Thus did a modest housewife perform a service to science and 
to humanity. When she died in 1934, few bacteriologists knew 
of her death, few perhaps that she had ever lived. Lesser in- 
novations and discoveries are commemorated with the name of 
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the discoverer. Could not "plain agar” from now on be desig- 
nated as “Frau Hesse’s medium?” Her contribution to bac- 
teriologj’’ makes her immortal. 
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Nicotinic acid and vitamin B-1 (thiamin hydrochloride) have 
aroused considerable interest as growth-promoting substances for 
bacteria in artificial media. Mueller (1937), working with the 
diphtheria bacillus, found that nicotinic acid accounts for a part 
of the growth-promoting activity of tissue extracts for that 
organism, its maximal effect being exerted “at a concentration of 
about 1 mgm. per liter of medium but varjdng somewhat with the 
composition of the control medium.” Knight (1937, a and b) 
demonstrated the necessitj^ of nicotinic acid and its amide for 
the growth of Staphylococcus aureus, his findings being confirmed 
later by Landy (1938). Knight (1937 c) also found that, in addi- 
tion to nicotinic acid, vitamin B-1 is required by the staphj^- 
lococcus. In the present study an attempt has been made to 
determine (1) if these substances, when added to routine media, 
will enhance the growth of Brucella and (2) if so, what concen- 
trations will produce maximal results. 

Bacto Ti-yptose Agar has been used as the basic medium. Two 
recently isolated strains of Brucella abortus {B. abortus RV -3 and 
1033), 4 stock strains of B. abortus {B. aborhis G-1153, 456, 161 
and 230) and one stock strain of Brucella melitensis were employed 
in the stud}^ A uniform inoculum of 0.05 cc. of a suitably diluted 
broth culture was used throughout for each plate. 

Nicotinic acid was added to the medium in amounts ranging 
from 4 to 40 mgm. per liter, and thiamin hydrochloride in a 
range of from 0.01 to 100 mgm. per liter. Studies of the two 
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Fig. 1. Growth of Brucella abortus 456 ox Bacto Tryptose Agar Control 
Plates were incubated 48 hours at 37°C. and 18 hours at room temperature 
before photographing. 



Fig. 2 . Growth of Brucella abortus 456 ox Bacto Tryptose Agar Con- 
taining 30 .MGM. Nicotinic Acid per Liter of Medium 
Plates ivere incubated 48 hours at 37°C. and 18 hours at room temperature 
before photographing. 



Fig 4. Groiith of Brucellv abortus 45G ox B\cto Triptose Agar Cox- 
TAIXIXG 30 MGM NlCOTIXlC AciD AXD 25 MGM ThIAMIX HtDRO- 
CHLORIDE PER LiTER OF jMedIUM 

Plates were incubated 48 hours at 37°C. and 18 hours at room temperature 
before photographing. 
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substances separately indicated that the optimal concentration 
of nicotinic acid was 30 mgm. per liter of medium and of thamin 
hydrochloride, 25 mgm. per liter. 

Growth of all strains of B. abortus was enhanced, but to differ- 
ent degrees, by either nicotinic acid or thiamin hydrochloride. 
Thus, stock strains of B. abortus 456 and 161 grew better on the 
nicotinic acid medium, while stock strain B. abortus 230 grew 
better in the vitamin B-1 medium. Two recently isolated strains 
of B. abortus and stock strain B. abortus G-1153 giwhestonthe 
combination of nicotinic acid and thiamin hydrochloride. All 
strains of B. abortus showed as good or better growth on media 
containing both substances as the 3 '- did when the materials were 
used separately. 

The growth-promoting effect of these substances was noted 
mainly in the speed of initial growth; on the enriched media, 
colonies could be counted fully 24 hours before those on control 
plates. Above and below the optimal concentrations mentioned, 
the effect was diminished or lost. Ultimate size of colonies w'as 
also somewhat greater; but increase in number of colonies, while 
frequently observed, could not be considered significant because 
of the technical impossibility of insuring strictly uniform inocula. 

In contrast to the effect of nicotinic acid and thiamin hydro- 
chloride on the growth of B. abortus, the single stock strain of B. 
melitensis w^hich was studied was inhibited slightly by the addition 
of either material. Whether this effect is tj’pical of all melitensis 
strains must await further study. 

Strains of Brucella suis were not investigated. 

SmVIMARY 

The growth of Brucella abortus is enhanced by the addition of 
nicotinic acid and thiamin hydrochloride to Bacto Trj^ptose Agar 
in concentrations of 30 and 25 mgm., respectively, per liter of 
medium. Growth of certain strains is enhanced more by one 
than the other of these substances, but all strains grow well when 
both materials are added. For routine use, the combination 
seems ad^'isable. 
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The single stock strain of Brucella melitensis studied was in- 
hibited somewhat by either factor. Brucella suis was not in- 
vestigated. 
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INTRODUCTION 

Stepp and Schroder (1935), and Stepp (1936), reported that 
certain strains of intestinal bacteria, particularly “B. coli com- 
munis” and “B. paratyphosus B”, were capable of destroying 
ascorbic acid (vitamin C), while other intestinal bacteria were 
without action on this substance. They discussed the possibility 
that some cases of scurvy might be caused by the destruction of 
ascorbic acid by bacteria in the upper intestinal tract before the 
acid could be absorbed. Marin (1936) described a clinical case 
of scurvy which he believed had been caused by an “infection of 
B. coli and B, paratyphosus B in the upper intestinal_^.tract.” 

Prompted by the above work the investigation here reported 
was carried on to study the action of normal intestinal bacteria 
on ascorbic acid, and factors influencing such action. In the 
event that certain kinds of intestinal bacteria may destroy as- 
corbic acid while others do not, it would be advisable from the 
standpoint of proper human nutrition to attempt to control 
these offending organisms in the intestinal tract. Such an 
alteration of intestinal flora possibly might be brought about by 
diet. However, this investigation in itself is concerned with an 
in vitro study of certain kinds of intestinal bacteria and their 
action on ascorbic acid under different conditions. 

1 Contribution no. 316 of the Massachusetts Agricultural Experiment Station, 
Amherst, Mass. 

“ Based on portions of a thesis presented by William B. Esselen, Jr., April, 
1938, to the Faculty of the Graduate School of the Massachusetts State College in 
partial fufiUment of the reouirements for the dearee of Doctor of PhilosoDhv. 
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REVIEW OF LITEBATUBE 

The literature contains very little information pertaining to 
bacteria and ascorbic acid. Einhauser (1937) found that pa- 
tients with achlorhydria were not easily saturated with ascorbic 
acid administered by mouth, and he attributed this effect to the 
destructive action of an acid condition and of bacteria in the stom- 
ach and upper part of the intestine. This work corroborates 
that of Stepp and of Marin mentioned above. Gagyi (1936), 
and Gagyi and Ujsaghy (1936), found that certain bacteria, 
particularly the more virulent pathogens, possess a capacity for 
destroying ascorbic acid, and that the inability of these organ- 
isms to grow in a 0.2 per cent solution of this substance and their 
ability to destroy it run parallel. Hou (1936) reported that the 
destruction of vitamin C experimentally in distilled water or in 
tap water was caused partly by microorganisms. 

The incorporation of ascorbic acid in culture media for tlie 
cultivation of anaerobes has been investigated to a limited ex- 
tent. Ehrismaim (1935) found that ascorbic acid in a dilution 
of 1 : 1000 favored the growth of obligate anaerobes even under 
aerobic conditions. Kligler and Guggenheim (1938) found that 
vitamin C used in culture media for Clostridium welchii reduced 
the oxidation-reduction potential of the medium sufficiently so 
that this organism would grow even in the presence of air or of 
oxygen. They also observed that the loss of ascorbic acid was 
less in a growing culture of C. welchii than in sterile control 
media. 

Kligler, Leibowitz, and Berman (1937), in a study of the effect 
of ascorbic acid on toxin production by Corynebacterium diph- 
theriae in culture media, found that ascorbic acid was rapidly 
oxidized in culture media at a temperature of 30° to 37°C., 
but that it remained unoxidized longer in the presence of bacterial 
growth. They suggested that ascorbic acid may destroy by an 
oxidation-reduction reaction the toxin produced by this organism, 
and that the mechanism is similar to that of the toxin-destroying 
action of aldehydes in general. 

Tkachenko (1936) appears to be the only one who has reported 
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studies on the ability of bacteria to reduce dehydroascorbic acid 
to ascorbic acid. He found that this conversion took place in 
cultures of Lactobacillus bulgaricus, L. acidophilus, and L. leicJi- 
manni. 

Some work has been done relative to the effect of microbial 
growth on the vitamin C content of foods. Lepkovsky, Hart, 
Hastings, and Frazier (1925) found that Streptococcus lactis 
had no effect on the vitamin C content of orange and tomato 
juices. Bifano and Servazzi (1935) infected lemons with Penicil- 
lium digitatum and found that their vitamin C content was the 
same as that of non-infected lemons. 

Esselen (1938) found that a number of different intestinal 
bacteria exerted a "protective action” on the oxidation of as- 
corbic acid. He suggested that this “protective action” might 
be correlated with bacterial growth activities. Kendall and 
Chinn (1938) reported an investigation on the decomposition of 
ascorbic acid by bacteria. As a result of their work it would 
appear that specific strains of bacteria, rather than bacterial 
“species” are able to ferment ascorbic acid. They also reported 
that certain bacteria growing in an ascorbic acid medium ex- 
hibit a “protective action,” that is, actually retard the oxidation 
of ascorbic acid. They found, too, that glucose exerts a definite 
sparing action upon the fermentation of ascorbic acid by bacteria. 

Thus, a review of the literature indicates that bacteria may be 
classified into three groups as regards the stability of ascorbic 
acid in their presence, namely: (1) those organisms which destroy 
ascorbic acid; (2) those which protect ascorbic acid from oxida- 
tion; and (3) those which have no infiuence on this substance. 

EXPEKIMENTAL WORK 

Methods 

Throughout this investigation cultural methods described 
below were employed in the study of the action of bacteria on 
ascorbic acid. The media used were physiological saline (0.85 
per cent sodium chloride), and nutrient broth of the following 
composition: 
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“Bacto” beef extract 3.0 grams 

"Bacto” peptone 5.'o 

Carbohydrate (when used) 10. 0 grams 

Distilled water 1000,0 ml. 

I^eaetion pH6.3toG.5 


This medium was prepared and distributed in 50 ml. test 
tubes containing 30 ml. of medium, or in 250 ml. Erlenmeyer 
flasks containing 100 ml. of the medium, and autoclaved for 
20 minutes at 15 pounds pressure. One-milliliter portions of a 
24-hour nutrient broth culture of the organism studied were used 
for inoculation. An incubation temperature of 37°C. was used 
at all times. Pure crystalline ascorbic acid was employed, and 
the desired amount added to the medium in aqueous solution. 

The ascorbic acid content of the medium was determined at 
the beginning and end of each experiment by a modification of 
the 2,6-dichlorophenoIindophenoI dye method of Tillmans as 
described by Bessey and King (1933). The actual method em- 
ployed throughout this study consisted in placing 20.0 ml. of the 
culture mixture into a 50 ml. flask and adding 5.0 ml. of glacial 
acetic acid (sufficient to lower the pH value of the titration 
mixture below 2.0). The acidified solution was titrated immedi- 
ately with a standardized solution of the 2,6-dichlorophenolin- 
dophenol dye. The titration was completed within two minutes 
in each case. Determinations were made in duplicate or in 
triplicate, and good checks were obtained. For convenience, 
all data are reported in terms of milligrams of ascorbic acid per 
20.0 ml. of medium, and as the per cent of loss of ascorbic acid 
during the incubation period. In studying the effect of bacteria 
on ascorbic acid different incubation periods were used, and the 
ascorbic acid content of the mixture was determined at the begin- 
ning and at the end of each incubation period. Thus, it was 
possible to calculate the per cent loss of ascorbic acid as influenced 
by the various factors studied. Throughout most of this work 
much smaller concentrations of ascorbic acid have been used than 
were used by previous workers, because, under actual conditions 
existing in the intestinal tract, ascorbic acid is present in only 
relatively small amounts. _ . 

From a preliminary study it was found that ascorbic acid is 
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rapidly oxidized in uninoculated culture media. Consequently, 
it was decided to use a five-hour incubation period in studying 
the influence of bacteria on ascorbic acid because, on longer 
incubation, the ascorbic acid itself would be practically all 
destroyed without bacterial influence and it would be difficult 
to interpret the results as to the influence that bacteria might 
have on this oxidation. It was also found that, throughout a 
range of pH values from 3.85 to 9.40, the degree of acidity had no 
significant influence on the rate of oxidation of ascorbic acid 
under the conditions of the experiment. Thus, it would seem 
that the change in the reaction of the medium due to bacterial 
action would not be a factor in influencing the oxidation of 
ascorbic acid because this substance is rapidly oxidized through- 
out the normal pH range of bacterial growth. 

The oxidation of ascorbic acid in nutrient and in carbohydrate 
broth inoculated with various intestinal bacteria 

As a preliminary step in studjdng the destruction of ascorbic 
acid as influenced by bacterial growth, eleven strains of Escheri- 
chia coli, and one strain each of Aerobacter aerogenes, Salmonella 
enteritidis, Salmonella pullorum, Salmonella aertrycke, Eberthella 
typhosa, Bacillus subtilis, and Proteus vulgaris were studied with 
reference to their influence on ascorbic acid in nutrient broth, 
carbohydrate broth, and physiological saline by the method 
described above. The carbohydrates employed were glucose, 
galactose, lactose, maltose, sucrose, dextrin, and starch. The 
pH value of each culture was determined at the end of the incuba- 
tion period by means of a Beckman pH meter. The data ob- 
tained are presented in table 1. 

Ascorbic acid determinations on control cultures of the organ- 
isms with no ascorbic acid present gave no indication that ascorbic 
acid or ascorbic acid-lflce substances were synthesized by the 
bacteria. In no instance did the bacteria cause any greater 
destruction of ascorbic acid than that which occurred in the 
uninoculated control medium. Most of the organisms, partic- 
ularly the Aerobacter and Escherichia strains, exerted a pro- 
nounced inhibitory action on the oxidation of ascorbic acid. 



carbohydrate broth, and physiological saline 
Incubation five hours at 37°C. 
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The cultures of those organisms which grew most rapidly exerted 
the strongest inhibitory action on the oxidation of ascorbic acid. 
The presence of a readily fermentable carbohydrate in the 
medium still further enhanced the ability of the microorganisms 
to inhibit the oxidation of ascorbic acid. In physiological saline 
the organisms appeared to exert a slight inhibitory action on the 
oxidation of ascorbic acid in some cases, but, as with the nutrient 
broth, in no instance did they cause any destruction of this 
substance. It is also evident from table 1 that the degree of 
acidity produced by the bacteria under observation is not a 
factor in the ability of the bacteria to inhibit the oxidation of 
ascorbic acid. There appears to be no correlation between the 
acidity produced by an organism and its ability to inhibit the 
oxidation of ascorbic acid. 

Influence of relative number of bacteria and their stage of 
growth on the oxidation of ascorbic add 

A test was conducted to determine the influence of the size 
of inoculum on the loss of ascorbic acid by Escherichia coli, 
Aerobacter aerogenes, and Proteus vulgaris. From table 2 it may 
be seen that, in general, as the size of the inoculum was increased 
the oxidation of ascorbic acid was decreased. These results 
indicated that the inhibitory effect of bacteria on the oxidation 
of ascorbic acid increased with the increase in the number of 
bacteria present. In the event that such is the case, older but 
still active cultures of bacteria which would contain large numbers 
of organisms should inhibit the oxidation of ascorbic acid to a 
greater extent than the relatively young cultures so far studied. 

A series of experiments were carried out to test this hypothesis. 
Ascorbic acid was added to 5, 17, 21, 18, and 72-hour nutrient 
broth and glucose broth cultures of the organisms previously 
used. After flve hours the loss of ascorbic acid was determined. 
The data so obtained are presented in table 3. The ability of all 
of the strains studied to inhibit the oxidation of ascorbic acid 
increased with the age of the cultures up to 21 hours, but beyond 
this time the cultures of the organisms appeared slowly to lose 
this property. The cultures exhibited their most marked inhib- 
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itory action towards ascorbic acid oxidation when they were in 
the stages of growth in which the maximum number of viable 
organisms was present in the medium (Jordan and Falk (1928)). 
Organisms in the glucose broth developed the power to inhibit 
the oxidation of ascorbic acid sooner than did duplicate cultures 
in nutrient broth. 

Apparently, then, the actively growing bacteria bring about 
some change in the media which tends to inhibit the oxidation of 


TABLE 2 

Influence of the quantity of inoculum on the loss of ascorbic add in nulrieni brolh 
incubated at S7°C. for five hours 


OBQAinSM 

QTTAKTITY OF 
INOCULUM 

ASCORBIC AaD PER 
20 ML. NUTRIENT 
BROTH 

LOSS IN FIVE nouns 


ml. 

mom. 

per cent 

Control (start) 

None 



Control (5 hours). 

None 


89 


0.1 

0 07 

89 

E. coli (Crooks) . ■ 

1.0 

5.0 

0.20 

0.45 

69 

30 


10.0 

0.35 

46 

■ 

0.1 

0.10 

85 

A. aero genes 

1.0 

0.15 

77 

5.0 

0.47 

28 


10.0 

0.60 

8 


0.1 


89 

P. vulgaris 

1.0 


88 

5.0 


88 


10.0 


88 


ascorbic acid. Several possibilities present themselves in ex- 
planation of what happens during bacterial growth which might 
inhibit the oxidation of ascorbic acid, namely: (1) the formation 
of un-ionized copper complexes with protein decomposition 
products, by which the catalytic power of small amounts of copper 
naturally present (Dunham (1938)) might be destroyed (Barron, 
Barron, and Klemperer (1936)); (Ettisch, Sachsse, and Beck 
(1931)) ; (2) a change in the oxygen tension of the medium and 
its saturation with other gases given off as a result of bacteria 








TABLE 3 


Influence of the age of culture on the rate of oxidation of ascorbic acid in nutrient broth 


OROANISM 

AGE OF cui;ruRE* 

PER CENT LOSS OF ASCORBIC AOD IN 

6 HOURS AT 37'C.t 



Nutrient broth 

Glucose broth 


hours 

per cent 

per cent 


0 

56 

36 . 


5 


8 

A. aerogenes (AlOl) { 

17 

8 

3 


24 

0 

0 


48 

24 • 



72 

17 



0 

37 

19 


5 

36 


E. coli (Crooks) 

17 

19 

7 


24 

0 

0 


48 

15 



72 

22 



0 

63 

11 


5 

48 


E. coli (A2) 

17 

17 

6 


24 

0 

0 


48 

17 



72 

20 



0 

67 

37 


5 

45 


E. coli {A25) 

17 

37 

3 


24 

0 

14 


48 

22 



72 

31 



0 

85 

80 


5 

49 

17 


17 

11 

3 


24 

0 

0 


48 

11 



72 

26 



0 

90 

88 


5 

47 

33 

B. suhtilis ■ 

17 

20 

0 


24 

32 

0 


48 

23 



72 

69 



* Age of culture when ascorbic acid was added. 

t Media contained 0.87 mgm. of ascorbic acid at start of incubation periods. 
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growth activity; and (3) the production of bacterial metabolic 
products which might prevent the ascorbic acid from being 
oxidized. 

The influence of the concentration of ascorbic acid on its rate of 
oxidation and on the growth of bacteria 

Several series of flasks each containing 100 ml. of glucose 
broth were prepared so as to contain ascorbic acid in concentra- 
tions approximating 1.0, 0.1, 0.01, and 0.001 per cent respectively. 
Inoculums of three strains of Escherichia coli and one strain 
each of Aerobacter aerogenes, Proteus vulgaris, and Bacillus suh- 
tilis were added separately to the different series of flasks for 
18 hours. After incubation, plate counts were made from each 
flask in order to determine the influence of the concentration of 
ascorbic acid on the growth of the bacteria. Ascorbic acid 
determinations were also made so that the per cent of loss of 
this substance as influenced by its concentration and the presence 
of bacterial growth in the medium could be calculated. These 
data are summarized in table 4. From this information it is 
quite evident that bacterial growth is inhibited as the concentra- 
tion of ascorbic acid in the medium is increased above certain 
concentrations, depending upon the kind of bacteria employed. 
However, with the slower growing organisms such as Proteus 
vulgaris^ and Bacillus subtilis, concentrations of ascorbic acid 
up to 0.01 per. cent and 0.1 per cent respectively appeared to 
stimulate growth. 

At the beginning of these experiments the influence of the 
concentration of ascorbic acid on the pH values of the media was 
measured and was found to be as follows: 


Glucose broth without ascorbic acid pH 6-31 

Glucose broth plus 0.001 per cent ascorbic acid pH 6.31 

Glucose broth plus 0.01 per cent ascorbic acid pH 6.08 

Glucose broth plus 0.1 per cent ascorbic acid pH 4.60 

Glucose broth plus 1.0 per cent ascorbic acid pH 3.65 


’ While Proteus vulgaris is generally considered to be a rapidly growing organ- 
ism, the strains employed by the author grew slowly in comparison with Esc ■ 
erichia coli. 



TABLE 4 


The injlucncc of concenlralion of ascorbic acid upon its rale of oxidation and upon 
bacterial growth in glucose broth at 37°C. 


OROANISU 

ABCORBIC ACID PER 
20 ML. MEDIA 

LOSS OF ASCORBIC 
ACID IN 18 HOURS 

NUMBER OF OR- 
QANXSMB PER ONE 
ML. OF MEDIA 
AFTER 18 HOURS 

S 

fn0in» 

per cent 



181.93 



Control (start) 

18.13 

1.75 




0.11 




169.93 

7 


Control (18 hours) 

7.93 

0.08 

56 

95 



0.01 

00 



181.90 

0 

10,500 


15.93 

12 

100,000,000 

A. acrogenes (AlOl) 

1.37 

22 

100,000,000 


0.11 

0 

130,000,000 


None 


130,000,000 


139.93 

23 

13,500 


17.73 

2 

23,400,000 

E. coli (Crooks) ■ 

1.61 

8 

80,000,000 


0.09 

18 

170,000,000 


None 


250,000,000 


181.00 

0 

30,000 


15.33 

14 

14,400,000 

E. coli (A2) ' 

0.93 

47 

200,000,000 


0.05 

55 

132,000,000 


None 


250,000,000 


179.93 

1 

20,000 


16.73 

8 

12,000,000 

E. coli (A25) • 

0.79 

55 

50,000,000 


0.03 

73 

86,000,000 


None 


100,000,000 


141.93 

22 

20,000 


13.13 

28 

7,800,000 

P. vulgaris 

0.54 

69 

70,000,000 


0.02 

82 

128,000,000 


None 


20,000,000 


169.93 

7 

1,600 


18.10 

0 

4,200,000 

B. subtilis 

0.27 

85 

43,000,000 


0.01 

99 

150,000,000 


None 


800,000 
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The above information would suggest that the inhibition of 
bacterial growth observed as a result of increasing the concentra- 
tion of ascorbic acid may be due to the increased hydrogen ion 
concentration of the media produced by the ascorbic acid. 

The 'production of carbon dioxide b'y bacteria as a factor influencing 
the stability of ascorbic acid 

In the event that the observed inhibitory action of bacteria 
on the oxidation of ascorbic acid as reported above might have 
been due to gases produced by the organisms, the influence of 
carbon dioxide and of hydrogen on ascorbic acid oxidation was 
studied. Eighteen different bacterial strains were inoculated 
into flasks of nutrient broth to which ascorbic acid was added 
according to the technique previously employed. The flasks 
were incubated in anaerobe jars for five hours at 37°C. m atmos- 
pheres of carbon dioxide and of hydrogen respectively. The 
results are presented in table 5. In comparing these results 
with those in table 1 it may be seen that, in general, the oxidation 
of ascorbic acid in an atmosphere of hydrogen is similar to that 
which takes place in nutrient broth under aerobic conditions. 
The carbon dioxide exerted an inhibiting effect on the oxidation 
of ascorbic acid to a degree parallel to that exerted by the bacteria 
when they were cultured in nutrient broth containing a readily 
fermentable carbohydrate. Thus, it would seem that the pro- 
tective action of the bacteria on ascorbic acid may be due, at 
least in part, to the carbon dioxide which they produce. This 
possibility was investigated by measuring the quantities of total 
dissolved gas and of dissolved carbon dioxide which were present 
in the cultures as a result of bacterial metabolism. The mano- 
metric method of Van Slyke and Neill, as described by Hawk and 
Bergeim (1931) was employed for the measurement. The 
quantities of total gas and of carbon dioxide produced by the 
bacteria in the cultures were compared with the degree of oxida- 
tion of ascorbic acid in the medium as influenced by the bacteria 
present. 

The results are given in table 6, from which it may be seen 
that the organisms which significantly inhibited the oxidation o 
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ascorbic acid also produced considerable carbon dioxide and total 
gas in comparison with those which did not retard the oxidation 
of ascorbic acid. Although these data show a correlation between 
carbon dioxide production by bacteria and their ability to inhibit 

TABLE 5 


Influence of almospkcres of carbon dioxide and hydrogen on the oxidation of ascorbic 
acid in nutrient broth inoculated with different intestinal bacteria in 
five hours at S7°C. 


ORGAKISM 

1 ; 

IK atmosphere op htdrogek : 

IK ATMOSPHERE OF CARBOK 
DIOXIDE 

Ascorbic acid 
per 20 ml, 

^ broth 

Loss 

Ascorbic acid 
per 20 ml. 
broth 

Loss 


Tngtn. 

per cent 

mgm. 

per cent 

Control (start) 



mSm 


Control (5 hours) 

■■ 

82 

W3M 

44 

A. aerogenes (AIOl) 


68 

0.47 

35 

E. coli (Crooks) 


57 

0.42 

42 

E. coli (Al) 

0.43 

42 

0.52 

28 

E. coli (A2) 

0.30 

59 

0.53 

26 

E. coli (A3) 

0.34 

54 

0.55 

24 

E. coli (A4) 

0.32 

57 

0.60 

17 

E. coli (All) 

0.36 

51 

0.50 

30 

E. coli (A12) 

0.31 

58 

0.55 

24 

E. coli (A20) ^ 

0.33 

55 

0.50 

30 

E. coli (A21) 

0.35 

53 

0.50 

30 

E. coli (A25) 

0.39 1 

47 



E. coli (A30) 

0.41 

45 



S. pullorum 

0.18 

76 



S. aertrycke 

0.33 

55 

0.40 

44 

S. enieriiidis 1 

0.32 

57 

0.60 

17 

E. typhosa 

0.29 

61 



P. vulgaris 

0.19 

74 

0.50 

30 

B. subtilis 

0.16 

78 

0.40 

44 


the oxidation of ascorbic acid, the evidence does not prove that 
the carbon dioxide is the only inhibiting factor involved. 

In order to determine the role, if any, of carbon dioxide pro- 
duction by bacteria in the prevention of the oxidation of ascorbic 
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TABLE 6 


The total amounts of dissolved gas and of carbon dioxide produced by bacteria in 
glucose broth in five hours at 37°C. and the oxidation of ascorbic acid 
under the same conditions 


ORQAKISM 

ASCORBIC AaD 
PER 20 MX/. OP 
BROTH 

LOSS 




mffm. 

per cent 



Control (start) 

0.75 




Control (5 hours) 

0.10 

86 

2.1 

0.0 

A. aerogenes (AlOl) 

0.46 

39 

12.8 

4.7 

E. coli (Crooks) 

0.52 

30 

6.2 

1.9 

E. coli (Al) 

0.55 

26 

8.8 

3.4 

E. coli (A2) 

0.39 

48 

7.7 

2.2 

E. coli (A3) 

0.45 

37 

9.0 

1.9 

E. coli (A4) 

0.41 

43 

8.0 

1.9 

E. coli (All) 

0.47 

35 

9.6 

2.3 

E. coli (A12 j 

0.45 

37 

9.3 

3.2 

E. coli (A20) 

0.49 

29 

8.8 

2.1 

E. coli (A21) 

0.47 

35 

9.2 

2.8 

E. coli (A25) 

0.43 

42 

8.8 

2.3 

E. coli (A30) 

0.47 

35 

8.3 

2.1 

S. pullorum 

0.12 

84 

2.5 

0.0 

S. aertrycke 

0.37 

50 

8.2 

1.8 

S. enteritidis 

0.40 

46 

9.3 

1.9 

E. typhosa 

0.20 

73 

3.2 

0.0 

P. vulgaris 

0.19 

75 

2.4 

\i,Xt 

B. sublilis 

0.11 

85 

2.0 



TABLE 7 


The influence of dissolved carbon dioxide on the rate of oxidation of ascorbic acid in 
uninoculated glucose broth in five hours at 37°C. 


GROUP 

DISSOLVED CARBON 
DIOXIDE PER 100 
ML. BROTH 

ASCORBIC AaO PER 
20 ML. OF BROTH 

LOSS 


cc, 

0.0 

mgm. 

0.77 

per cent 


0.0 

0.08 

90 


2.0 

0.19 

75 


4.6 

0.30 

61 

Series C, plus CO 2 

13.4 

0.30 

61 


acid, an experiment similar to the last one was conducted, only 
in this case three series of an uninoculated medium containing 
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graduated amounts of dissolved carbon dioxide were used. 
Ascorbic acid was added to each flask and carbon dioxide dis- 
solved in the medium by placing the flasks in anaerobe jars and 
adding carbon dioxide to the atmosphere of the jars. When 
the medium contained the desired amount of this gas (previously 
determined) the anaerobe jars containing the flasks of medium 
were incubated for five hours at 37°C. At the end of this period 
the ascorbic acid and carbon dioxide contents of each series were 
determined. The data presented in table 7 show that the pres- 
ence of carbon dioxide in glucose broth did exert a small inhibitory 
effect on the rate of oxidation of ascorbic acid. However, this 
inhibitory effect was not as marked as that produced by bacteria 
which evolve carbon dioxide when grown in glucose broth. The 
uninoculated glucose broth used in the last experiment contained 
a greater concentration of dissolved carbon dioxide than was 
produced by bacteria under similar conditions. This fact in- 
dicated that carbon dioxide production by bacteria is hot the 
only factor in the mechanism whereby they inhibit the oxidation 
of ascorbic acid. 

Assuming that the carbon dioxide production by bacteria was 
one factor influencing their inhibitory action on the oxidation of 
ascorbic acid, another set of experiments was conducted in order 
to find out whether bacteria exert this effect by combinations of 
three factors, namely : (1) carbon dioxide production, (2) removal 
of oxygen from the medium, and (3) the formation of un-ionized 
copper complexes. In this experiment uninoculated glucose 
broth was used as the medium, and the flasks were incubated in 
anaerobe jars for five hours at 37'’C. The influence of carbon 
dioxide was determined by adding the gas at 20 pounds pressure 
to the atmosphere in the anaerobe jars. The effect of the removal 
of oxygen from the medium by bacterial action was simulated 
by evacuating the anaerobe jars with a vacuum pump; and the 
formation of un-ionized copper complexes by the bacteria was 
duplicated by adding 0.03 gram of 8-hydroxyquinoline to 6ach 
100 ml. of medium. (It has been previously shown by Barron, 
Barron, and Elemperer (1936) that S-hydroxyquinoline destroys 
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the catalytic action of small amounts of copper on the oxidation 
of ascorbic acid.) The results are presented in table 8. 

Each of the above factors exerted a certain amount of inhibi- 
tory action on the oxidation of ascorbic acid, but when they were 
used in combinations of two together, or of all three together, 
their combined inhibitory effect was greater than the total 
inhibitory effect of these three factors, namely, carbon dioxide, 
vacuum, and 8-hydroxyquinoline, employed separately. In 

TABLE 8 


The inhibitory effect of carbon dioxide, vacuum, and 8-hydroxyquinoline on the 
oxidation of ascorbic acid in uninoculated glucose broth in 5 hours at S7°C. 


EXPERIMENTAL GROUP 

ASCORBIC ACID 
PER 20 ML. Op 
BROTH 

LOSS 

INHIBITION or 
ASCORBIC AaO 
OXIDATION* 

Control (start) 


per cent 

per cent 

Control (5 hours) 


87 


Control plus 8-hydroxyquinoline 

0.12 

85 

2 

Control plus vacuum 

0.19 

76 

11 

Control plus carbon dioxide 

Control plus 8-hydroxyquinoline plus 

0.24 

70 

17 

vacuum 

Control plus 8-hydroxyquinoline plus 

0.32 

60 

27 

carbon dioxide 

0.47 

40 

47 

Control plus vacuum plus carbon dioxide 
Control plus vacuum plus carbon dioxide 

0.47 

40 

47 

plus 8-hydroxyquinoline 

0.69 

13 

74 


* Note: The per cent inhibition of ascorbic acid oxidation refers to the differ- 
ence between the per cent loss of ascorbic acid in the control medium and that in 
the control media plus the substance under consideration. 


comparing these data with those previously obtained with bac- 
teria it would seem that the ability of the various bacteria to 
inhibit the oxidation of ascorbic acid might be due to their ability 
to form un-ionized copper complexes, and to their production of 
carbon dioxide in, and their removal of oxygen from, the medium. 
It is not unreasonable to suspect that the intensity of the action 
of the above three mechanisms would vary with different species 
of bacteria and with their stage of growth. When studied 
separately the inhibitory action of carbon dioxide was greater 
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than that of either a vacuum or of 8-hydroxyquinoline. The 
8-hydrox5'-quinoIine was the least active in this respect, but when 
this substance was used in combination with carbon dioxide or 
with a vacuum the resultant inhibitory action was more pro- 
nounced. 

If it is assumed that all bacteria in their growth in culture 
media are capable of forming un-ionized copper complexes, then 
bacterial species which produce carbon dioxide in their metabolic 
processes should exert a more marked inhibitory effect on the 
oxidation of ascorbic acid than those organisms which do not 
produce carbon dioxide and, also, the inhibitory effect of carbon 
dioxide-producing species should be greater than that of carbon 
dioxide alone when added to uninoculated culture media. Like- 
wise, those species producing little or no carbon dioxide should 
exert a stronger inhibitory action when grown in an atmosphere 
of this gas. Also, species such as Escherichia coli, when they are 
grown in nutrient broth to which carbon dioxide is added, should 
exert an inhibitory effect similar to that which they exert when 
grown in glucose broth. The reduced oxygen tension of the 
medium in which the bacteria are grown, which was duplicated 
by the use of a vacuum, is another factor which should influence 
the ability of bacteria to inhibit the oxidation of ascorbic acid. 
However, this factor is likely to be variable due to the cultural 
conditions and the changing vigor of the bacterial growth. 

If the data in tables 1 , 5 , 6, and 8 are compared it will be seen 
that the observations made in this investigation substantiate the 
above explanation of the mechanism by which bacteria inhibit 
the oxidation of ascorbic acid. 

The inUuence of killed cultures of bacteria and of cell-free culture 
filtrates on the oxidation of ascorbic acid 

It has been suggested that the inhibitory action of bacteria 
on the oxidation of ascorbic acid is due principally to the produc- 
tion of carbon dioxide and the reduced oxygen tension of the 
medium as a result of their metabolic activities. If such is the 
case it would seem that killed cultures of the bacteria, or the cell- 
free filtrates from such cultures, would not exhibit the inhibitory 
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action observed with actively growing cultures of bacteria. 
Three series of tests were conducted to investigate this iiypothesis. 

Twenty-four-hour cultures of Escherichia coli and of Salmonella 
aertrycke in glucose broth were filtered through Berkefeld filters. 
Ascorbic acid was added to these culture filtrates and they were ^ 
incubated. At the end of five hours the per cent of loss of 
ascorbic acid was determined. Also, twenty-four-hour cultures 
of Aerobacter aerogenes, Escherichia coli, Proteus vulgaris, and 
Bacillus suUilis were killed by 15 pounds steam pressure for 15 
minutes, and by the addition of 4.0 ml. of 20 per cent phenol 
per culture, respectively. Ascorbic acid was added to the killed 
cultures, and at the end of a five-hour incubation period at 37°C. 
the per cent of loss of ascorbic acid was determined. In all 
cases it was found that the absence of actively growing bacteria, 
whether they were removed from the medium by filtration or were 
killed, resulted in the loss of the ability of the cultures to inhibit 
the oxidation of ascorbic acid significantly. Thus, further 
evidence is provided to show that in order to prevent the oxida- 
tion of ascorbic acid in culture media actively growing bacteria 
must be present. 

The ability of bacteria to reduce dehydroascorbic acid 

The only report which has been found in the literature pertain- 
ing to the reduction of dehydroascorbic acid by bacteria is that of 
Tkachenko (1936) who reported that such a reduction did take 
place in cultures of several species of “Lactobacilli.” Dehydro- 
ascorbic acid was prepared according to the method of Kohman 
and Sanborn (1937) by oxidizing ascorbic acid in aqueous solu- 
tion "with iodine. Eleven strains of Escherichia coli, and one 
strain each of Aerobacter aerogenes. Salmonella pullorum, Sal- 
monella aertrycke, and Salmonella enteritidis wBre studied with 
reference to their ability to reduce dehydroascorbic acid. The 
acid was added to 24-hour cultures of these organisms in glucose 
broth. At the beginning of the experiment the ascorbic acid 
in the medium was all present in the dehydro-form, but at the 
end of five hours two of the strains of Escherichia coli had reduced 
approximately 90 per cent of the dehydroascorbic acid to its 
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equivalent of ascorbic acid, as may be seen in table 9. Of the 
organisms studied only these two strains of Escherichia coli 
were capable of bringing about this reduction. Repeated tests 
furnished definite proof that the two strains of Escherichia coli 
were unique in this respect among the strains employed. 

TABLE 9 


The reduction of dehydroascorhic acid to ascorbic acid by Si-hour glucose broth 
cultures of bacteria in five hours at S7°C. 



ABCOBBIC ACID PER 

20 ML. OF BROTH 1 

REDTJCnON OP 
DEHTDROASCORBIC ACID 
TO ASCORBIC ACID 

Control (start) 

mgm. 

0.62* 

per cent 

Control (5 hours) 

0.00 

0 


0.04 

6 

E. coli (Crooks) 

0.54 

87 

E. coli (Al)..... 

0.68 

94 

E. r.olr ( A2^ 

0.01 

2 

E. coli (A3) 

0.01 

2 

E. coli (A4) 

0.01 

2 

E. coli (All) 

0.01 

2 

E. coli (A12) 

0.01 

2 

E. coli (A20) 

0.01 

2 

E. coli ^21) 

0.01 

2 

E. coli (A25) 

0.01 

2 

E. coli (A30) 

0.01 

2 

S» pullorum 

0.01 

2 

S. aerirycke 

0.01 

2 


0.01 

2 




‘Ascorbic acid equivalent of dehydroascorhic acid. 


SUMMARY 

1. It has been found that certain bacteria, particularly mem- 
bers of the coliform group, inhibited the oxidation of ascorbic 
acid in culture media. The stronger inhibitory action was 
observed with the more actively growing cultures in which the 
largest numbers of bacteria were present. 

2. Ascorbic acid was rapidly oxidized in uninoculated nutrient 
broth at 37°C., and this oxidation was retarded by the presence 
of carbon dioxide, by 8-hydroxyquinoline, and in the absence of 
oxygen. 
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3. It is suggested that growing bacteria inhibit the oxidation 
of ascorbic acid by certain combinations of three factors, namely: 
(1) the formation of un-ionized copper complexes whereby the 
catalytic action of the copper is destroyed, (2) the production of 
carbon dioxide with the subsequent saturation of the medium 
with it, and (3) the lowering of the oxygen tension of the medium. 
The most effective inhibitory action was obtained by a combina- 
tion of all three of these factors together. 

4. Two strains only of Escherichia coli were able to reduce 
dehydroascorbic acid to ascorbic acid, while the other bacteria 
studied did not appear to possess this ability. 

5. The inhibitory action of bacteria on the oxidation of ascorbic 
acid was not observed in relatively large concentrations of this 
substance because the acidity of the medium was lowered below 
the point where effective bacterial growth could take place. 

6. Killed bacterial cultures, or cell-free filtrates from living 
bacterial cultures, did not possess the inhibitory action on the 
oxidation of ascorbic acid that was observed with actively grow- 
ing bacterial cultures. 
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Until recently, it has been generally assumed that the con- 
version under highly aerobic conditions of relatively simple, 
non-nitrogenous compounds by washed suspensions of bacteria is 
limited to an oxidation of the substrate to carbon dioxide and 
water. Barker (1936), Geisberger (1936) and Clifton (1937) have 
shown that the oxidation does not proceed to completion, but 
that instead, a portion of the substrate is apparently assimilated 
by the cells. For example, the oxidative assimilation of acetate 
and of butyrate by Pseudomonas calco-acetica may be repre- 
sented as 


2CH3COOH -f- 3 O2 = (CH2O) + 3 CO2 -b 3H2O, ( 1 ) 

and 

2C4H8O2 -b 7 O2 = 3 (CH2O) -b 5 CO2 -b 5 H2O ( 2 ) 

These equations indicate that approximately three-fourths of the 
oxygen required for the complete combustion of these substrates 
is consumed, with the production of carbon dioxide, water and 
a substance, or substances, having the empirical composition 
of a carbohydrate. 

The oxidative assimilation of butyrate is of particular interest 
since the respiratory quotient (R.Q.) during the stage of rapid 
oxidation is approximately 0.68 while the theoretical R.Q. for 
complete combustion is 0.8. The rate of oxygen consumption 
abruptly decreases to a level near that of the control by the 
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time that three-fourths of the oxygen required for complete com- 
bustion has been consumed and the R.Q. increases to 0.94, a 
value characteristic of the respiration of the control suspension. 
However, in the presence of suitable concentrations of sodium 
azide (NaNj) or of 2:4 dinitrophenol (a DNP) the oxidation 
proceeds to completion at a quite constant rate and the R.Q. 
throughout is equal to the theoretical value, 0.8. 

The oxidative assimilation of lactic acid in washed suspensions 
and in cultures of Escherichia coli has recently been described 
by Clifton and Logan (1938). The oxygen uptake in a 5i/15 
phosphate buffer of pH 7.1, proceeds at a rapid and quite constant 
rate until approximately two-thirds of the oxygen required for 
complete combustion has been consumed. Then the rate of 
oxygen consumption abruptly decreases and approaches the level 
of the substrate-free control, a behavior first noted by Cook and 
Stephenson (1928), These results, together with an observed 
R.Q. of 1.0, suggest that the oxidation of lactate is an oxidative 
assimilation process which may be represented as 

CH3CHOHCOOH -1- 2 O2 = (CH2O) + 2CO2 + 2 H2O (3) 

In a synthetic medium containing lactate as the only source 
of carbon the rate of oxygen consumption also breaks abruptly 
when approximately two-thirds of the theoretical amount for 
complete combustion has been consumed, thus suggesting that 
equation 3 also represents the primary phase of assimilation in 
cultures of E. coli. Fmthermore, in buffered suspensions of 
E. coli the oxidation of lactate proceeds to completion in the 
presence of critical concentrations of NaN^ or of a DNP. The 

addition of these agents to the cultiue medium proves to be 

• 

inhibitory to growth. 

The studies to be reported here deal primarily with the oxi- 
dative assimilation of acetate, pyruvate, glycerol, fumarate, 
succinate and glucose by washed suspensions of E. coli and of 

certain of these substrates in cultures of the same organism. 

\ 

EXPERIMENTAL 

The strain of Escherichia coli (K-12) employed in these studies 
was grown on nutrient agar at 30°C.; after 20 hours the growth 
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was washed off with distilled water and centrifuged. The or- 
ganisms were washed twice by centrifugation and finally sus- 
pended in distilled water. This stock suspension showed no 
marked decrease in metabolic activity on standing in the re- 
frigerator for several days. It was diluted as needed with 
phosphate buffer to a final concentration of m/15 and a pH of 
7.1 unless otherwise stated. Stock solutions of the various 
substrates were carefully prepared, neutralized to pH 7.1 if 
necessary and sterihzed by filtration through Jena sintered 
• glass filters (“G 5 on 3”). 

A synthetic medium (Clifton, Cahen and Morrow, 1936) con- 
taining ammonium chloride as the source of nitrogen and one 
organic compound as the source of carbon was employed in the 
studies on the relation between respiration and assimilation in 
actively proliferating cultures of E. colt. In all studies reported 
the synthetic medium was rather heavily inoculated with a 
20-hour peptone culture. Control tests indicated that the 
inoculum did not contain an appreciable quantity of oxidizable 
material. The rates and extent of oxygen consumption and of 
carbon dioxide production at 30°C. were determined by the usual 
Warburg technic, a total volume of 2.2 ml. of liquid being em- 
ployed in flasks of 16-17 ml. capacity shaken at a rate of 100 
cycles per minute. NaNj or a DNP was always added to the 
bacterial suspension before the flasks were placed in the manom- 
eters. The substrate was tipped in from a side-arm of the flask 
at zero time, 15-20 minutes after the flasks were placed in the 
water bath. No marked differences in the results were observed 
when both poison and substrate were added to the bacterial 
suspension at zero time, the above procedure being adopted 
primarily for convenience. 

The oxidative assimilation of acetate 

The oxidation of acetate by w'ashed suspensions of E. coli 
proceeds over a pH range of 5.6 to 7.7 in a manner similar to 
that previously reported for Pseudomonas calco-acetica (Clifton, 
1937) and for E. coli (Cook and Stephenson, 1928). The rate of 
oxygen consumption remains at a relatively constant level. 
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irrespective of the initial concentration of acetate, over the 
range studied, m/50-m/ 400, until approximately three-fourths of 
the oxygen required for complete combustion has been consumed. 
At this time the rate of oxygen consumption decreases abruptly 
and approaches a level near that of the control suspension to 
which no acetate had been added. The R.Q. in phosphate buffer 
was approximately 1.0. No correction was applied for the blank 
respiration since it appears to be negligible in the presence of 
a readily utilizable substrate. If a correction for the blank 
respiration were applied, the oxy^gen consmned during the ■ 
oxidation of the acetate would amount to somewhat less than 
the reported value of three-fourths of that required for complete 
combustion. 

Krebs (1937) has reported that the oxidation of acetate by 
E. coli in a saline-phosphate buffer of pH 6.5 goes to completion 
at a quite constant rate. Very little free carbon dioxide is 
formed in a saline-bicarbonate suspension in equilibrium with 
a 95 per cent oxygen-5 per cent carbon dioxide gas mixture 
during the mitial stage of oxidation, while in the latter stages 
the ratio of carbon dioxide liberated to oxygen consumed is 
nearly 1.0. This observation suggested that the oxidation of 
acetate proceeds by stages. In the first stage only bicarbonate 
is set free, i.e., not more than one molecule of CO 2 is formed per 
molecule of acetate oxidized, while in the second stage carbon 
dioxide is set free. 

We were unable to confirm these observations of Krebs, the 
oxidation of acetate by our strain of E. coli in Krebs saline- 
phosphate buffer mixtures of pH 6.5 to 7.5 going only about 
three-fourths to completion, even when the air in the Warburg 
flasks was replaced by oxygen. Also, no appreciable lag in 
carbon dioxide production was observed in the saline-bicarbonate 
buffer in equilibrium with a 95 per cent oxygen-5 per cent carbon 
dioxide gas mixture and the rate of carbon dioxide liberation 
was always approximately equal to the rate of bicarbonate 
formation in the studies on the kinetics of the oxidation of 
acetate. 

Since the amount of acetate added to the bacterial suspension 
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at zero time was known and the amounts of oxygen consumed 
and of carbon dioxide produced were determined, it is possible 
to deduce the empirical composition of the other product, or 
products, just as the synthesis of a carbohydrate is deduced from 
the value of the photosynthetic quotient. Applying this mode 
of reasoning to the experimental data for the oxidation of acetate 
it is apparent that the balanced equation for this reaction may 
be represented as 

2 CH 3 COOH + 3 Os = (CHsO) + 3 CO 2 + 3 HsO (4) 

That is, the acetic acid is oxidized to form a carbohydrate, carbon 
dioxide and water. It is true that no direct evidence is available 
that a carbohydrate is actually formed and stored by E. coli 
but Geisberger (1936) has demonstrated an increase in the 
volutin content of Spirillum serpens in similar experiments with 
calcium lactate as the substrate. Also the fact that the oxida- 
tion of lactate in either buffered suspensions or in actively 
proliferating cultures proceeds only two-thirds to completion 
lends indirect evidence for the hypothesis of oxidative assimilation 
by actively respiring but non-proliferating cells. Furthermore, 
possible explanations for the oxidation stopping short of com- 
pletion have been shown to be untenable (Clifton, 1937). Only 
formate, of all the compounds studied, is oxidized completely to 
carbon dioxide and water by E, coli. 

The oxidation of acetate in phosphate buffer or saline-bicar- 
bonate proceeds to completion in the presence of m/400 NaNs 
or of m/2000 a DNP in accordance with the equation 

CH 3 COOH + 2 O 2 = 2 CO 2 + 2 H 2 O (5) 

NaNs or a DNP in the concentrations employed had no ap- 
preciable effect on the rate of oxygen consumption by the control 
suspension. Also the rate of oxygen consumption in the presence 
of concentrations of NaNs or a DNP just sufficient to prevent 
assimilation is not markedly different from the rate observed in 
the absence of the poisons. Still higher concentrations of these 
agents do, however, inhibit respiration. 
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The oxidation of three-carbon compounds 

The oxidation of propionic acid proceeds in a manner similar 
to that described above for acetate. However, propionate is not 
as readily oxidized as acetate and the oxidative assimilation of 
this compound was not studied in detail. The oxidation of the 
hydroxy-propionic acid (lactic) has been described (Clifton and 
Logan, 1938) and appears to be an oxidative assimilation pro- 
ceeding according to equation 3, two-thirds of the amount of 
oxygen (4 atoms per mol of lactate) required for complete com- 
bustion being consiuned. The oxidation of the keto-propionic 
acid (pyruvic) proceeds in a maimer s imil ar to that described for 
lactate, with the exception that the amount of oxygen consumed 
amounts to three-fifths of that required for complete combustion. 
The oxygen consumed during the oxidation of pyruvate corre- 
sponds to three atoms of oxygen per molecule, thus agreeing 
with the observation of Stephenson (1928) that lactate passes 
through the stage of pyruvate during aerobic oxidation by loss 
of two atoms of hydrogen. 

Pyruvate is somewhat unsatisfactory for quantitative studies 
since it is unstable in solution. The following data are therefore 
presented as tentative only. The R.Q. in a limited number of 
tests was 1.6 or higher during the first stages of oxidation and 
decreased to 1.36 to 1.38 by the time the oxidation reached three- 
fifths of completion. These results suggest that the oxidative 
assimilation of pyruvate may be approximately represented as 

2 CH3COCOOH -1- 3 O2 = 2 (CHzO) -t- 4 CO2 -1- 2 H2O (6) 

The oxidation of pyruvate by E. coli approaches completion 
in the presence of m/200 NaNs or m/2000 a DNP, as illustrated by 
typical results presented in figure 1, A. The rate of oxygen 
consumption is inhibited about 50 per cent in the presence of 
m/2000 a DNP while no marked inhibition is observed in the 
presence of concentrations of a DNP less than m/4000. How- 
ever, the extent to which the oxidation of pyruvate approaches 
completion decreases with decreasing concentration of a DNP 
being approximately 85, 75 and 65 per cent, respectively, in 
m/4000, m/8000 and m/16,000 solutions of a DNP. 

The amoimts of oxygen consumed during the growth of E. con 
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in the synthetic medium containing pyruvate as the carbon 
and energy source were approximately equal to three-fifths of the 
amounts required for complete oxidation of pyruvate to carbon 
dioxide and water. Typical time-growth, time-oxygen consump- 
tion and time-carbon dioxide production relationships are 
presented in figure 1, B. Values for the oxygen consumption 
and carbon dioxide production per ml. per hour and per cell per 



Fig. 1. The Oxidation op Pyruvate by E. coli 
(A) the influence of NaNj and of crDNP on the oxidation of 2 ml. of m/ 200 
pyruvate. (B) typical time-growth, time-oxygen consumption and time-carbon 
dioxide production relationships observed in 2 ml. of a synthetic medium, m/IOO 
with respect to pyruvate. 

hour (computed by Buchanan’s (1930) formula), together with 
the observed R.Q.’s are presented in table 1. 

The oxidation of glycerol by E. coli was studied in considerable 
detail, as this substrate is very stable under ordinary conditions 
and can readily be obtained in a pure state. Tjqiical results 
on the rate and extent of oxidation of different concentrations 
of glycerol are presented in figure 2. In figure 2, A, the total 
oxygen consumption is plotted against time while in 2, B, the 
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oxygen consumed per ten-minute interval is plotted against the 
corresponding time. This latter method of plotting the results 
clearly shows the marked break in the rate of oxygen consumption 
which is observed by the time the oxidation reaches four-sevenths 
of completion as shown in figure 2, A. It can readily be seen in 
this latter figure that the break occurs around four-sevenths of 
completion irrespective of the initial concentration of glycerol 
over the range reported. The break is also observed in the same 
region in higher concentrations of glycerol, over a pH range of 
5.6 to 7.7, or at a temperature of 37.5°C. 

TABLE 1 


Influence of the age of a culture of E. coli on the rate of oxygen consumption and oj 
carbon dioxide production per ml. of a M/100 pyruvate-inorganic medium 


TIME 

NUMBEn OF BAC- 
TEBIA AT EKB OF 
TIME INTERVAL 

MICBOLITERS OF Oi CONSUMED 

MlCnOLlTEBB OF COl 
FRODDCED 

RO. 

per ml. 
per hour 

per cell per hour 

per ml. 
per hour 

per cell per hour 

minutes 







0-120 

4.2 X 10’ 

5 


7 


Ik 11 

120-180 

7.6 X 10’ 

18 

31.3 X 10-» 

28 

48.7 X 10-5 


180-240 

19.5 KIO’ 

40 

31.5 X 10-' 

55 

43.4 X 10-5 

BK9 

240-300 

36.8 X 10’ 

58 

21.1 X 10-« 

88 

31.1 X 10-5 

HR « 

300-360 

66.8 X 10’ 

59 

11.7 X 10-® 

90 

18.5 X 10-5 

HR H 

360-420 

91.2 X 10’ 

56 

7.1 X 10-' 

75 

9.6 X 10-5 

Bsl 

420^80 

105.0 X 10’ 

50 

5.3 X 10-» 

48 

4.9 X 10-5 

HkI 

480-540 

113.0 X 10’ 

31 

2.7 X 10-5 

29 

2.6 X 10-5 

EEil 

540-600 

116.0 X 10’ 

8 

0.7 X 10-5 

9 

0.8 X 10-5 

1.12 

Total 

325 


429 


1.32 


The theoretical H.Q. for the oxidation of glycerol is 0.86— 
while the H.Q. observed in phosphate buffer was in the neighbor- 
hood of 0.75 in the early stages of oxidation and approached a 
value of 0.80 by the time the oxidation approached four-sevenths 
of completion. A similar behavior was observed in bicarbonate 
buffer in equilibrium with a 5 per cent carbon dioxide-95 per cent 
oxygen gas mixtiue, the H.Q. up to the break being approximately 
0.80. No change (outside of the experimental limits of error) m 
the concentration of bicarbonate was observed during the oxida- 
tion of glycerol, thus ruling out the possibility of carbon dioxide 
















ASSIMILATION AND RESPIEATION OE E. COLI 


531 


being bound, or released due to the formation of an acidic by- 
product of oxidation. 

The above results indicate that the oxidative assimilation of 
glycerol by E. coli may be approximately represented as 

2 CjHsOs + 4 O 2 = 3 (CH 2 O) + 3 CO 2 + 5 HjO (7) 

This equation shows that four-sevenths of the amount of oxygen 
required for complete combustion is consumed with the pro- 



Fig. 2. The Oxidation op 2 me, of Different Concentrations of 
Glycesoi, by E. coli 

Arrows indicate time at which glycerol is assumed to be decomposed, the 
total oxygen required for complete combustion being indicated by the heavy 
horizontal lines. 

duction of 1.5 mols of a carbohydrate of empirical composition 
CH 2 O per mol of glycerol utilized. The R.Q. of 0.75 postulated 
by this equation is in fair agreement with the observed R.Q.’s 
reported above. 

The oxidation of glycerol approaches completion in the presence 
of m/200 NaNs or of m/2000 aDNP. Typical results are 
presented in figure 3, A. The observed R.Q.’s are in the neigh- 
borhood of the theoretical value, 0.86, and are recorded in table 2. 

The amounts of oxygen consumed during the growth of E. coli 
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Fig. 3. The Oxidation of Gltcebol bt E. coli 
(A) the influence of NaN, and of aDNP on the o’^’^a^on of 2 ml of m/Zw 
elvcerol (B) typical time-growth, time-oxygen consumption and time cam 
dioxide production relationships observed in 2 ml. of a synthetic medium, m/200 
with respect to glycerol. 
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in the synthetic medium containing glycerol as the carbon and 
energy source were approximately equal to four-sevenths of the 
amounts required for the complete oxidation of glycerol to carbon 
dioxide and water, thus again illustrating the similarity between 
assimilation in non-proliferating suspensions and in cultures of 
bacteria. Typical time-growth, time oxygen consumption and 
time-carbon dioxide production relationships observed in a m/200 
glycerol medium are presented in figure 3, B, and^in table 3. 

TABLE 3 


Influence of the age of a culture of E. coli on the rate of oxygen consumption and of 
carbon dioxide production in a MfSOO glycerol-inorganic medium 


TIME 

NUMBEH OF BAC- 

teria/ml. at end 

OF TIME INTERVAL 

MICROLITEHS OP Ol CONSTTMED 

MICROLITERS OP COl 
PRODUCED 

R.Q. 

per ml. 
per hour 

per cell per hour 

per ml. 
per hour 

per cell per hour 

minutea 







0-120 

7.9 X 10^ 

5 


4 


0.80 

120-180 

8.3 X 10’ 

15 

14.7 X 10-* 

12 

11.7 X 10-8 

0.80 

180-240 

8.9 X 10’ 

17 

21.6 X 10-8 

13 

16.4 X 10-8 

0.76 

240-300 

13.0 X 10’ 

24 

22.2 X 10-8 

17 

16.7 X 10-8 

0.71 

300-360 

20.5 X 10’ 

28 

16.7 X 10-8 

21 

12.6 X 10-8 

0.75 

360^20 

30.2 X 10’ 

36 

14.5 X 10-8 

28 

11.3 X 10-8 

0.75 

420-480 

40.3 X 10’ 

49 

13.9 X 10-8 

39 

11.1 X 10-8 

0.79 

480-540 

48.8 X 10’ 

44 

9.9 X 10-8 

1 37 

8.3 X 10-8 

0.84 

540-600 

52.5 X 10’ 

14 

2.8 X 10-8 

12 

2.4 X 10-8 

0.86 

Total 

232 


183 


0.79 


The oxidation of fumarate and succinate 

The oxidation of fumarate by E. coli tends to go approximately 
two-thirds to completion before the rate of oxygen consumption 
falls to a level near that of the control without added substrate. 
Since the observed R.Q. was approximately 1.50 (theoretical 
1.33) the oxidative assimilation of fumarate may be repre- 
sented as 


C 4 H 4 O 4 + 2 O 2 = (CH 2 O) -I- 3 CO 2 -b H 2 O ( 8 ) 

During the oxidation of succinate by E. coli one atom more of 
oxygen is consumed than during the oxidation of fumarate. 
This difference in oxygen consumption is in agreement with the 
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observations of Quastel and WKeatley (1931) that the normal 
course of biological oxidation of succinate proceeds through 
fumarate. The observed oxygen consumption of approximately 
five-sevenths of the theoretical and an R.Q. of 1.20 (theoretical 
1.14) suggests that the oxidative assimilation of succinate may 
be represented as 

CJIeOa + 2 1/2 O 2 = (CH 2 O) -b 3 CO 2 + H 2 O (9) 

The oxidation of fumarate, succinate and related compounds 
will be reported in detail at a later date. In a limited number 
of experiments the presence of NaNs or of a DNP appears to 
inhibit the oxidation of fumarate and succinate to a much greater 
extent than that of the other substrates reported in this paper. 
For example, the oxidation of succinate by E. coli was inhibited 
almost 50 per cent by m/ 16,000 a DNP, although the oxidation 
did tend to approach completion under these conditions, while 
the oxygen consumption in the presence of m/2000 a DNP was 
only approximately equal to that of the control suspension. 
This marked inhibitory action of NaNj or of a DNP on the oxida- 
tion of fumarate and succinate suggests that the fumarate- 
succinate system does not play an important r61e as a respiratory 
catalyst (hydrogen carrier) in the oxidation of acetate, propionate, 
lactate, pyruvate or glycerol by E. coli under aerobic conditions. 
However, the possibility remains that the fumarate-succinate 
system may be involved in the assimilatory process. 

The oxidation of glucose 

The oxidation of glucose by suspensions of E. coli goes ap- 
proximately one-half to completion, in agreement with the ob- 
servation of Cook and Stephenson (1928). ICrebs (1937) has 
reported that the oxidation of glucose by E. coli goes 70 per cent 
to completion at 40°C. and a pH of 6.8. However, inspection of 
his data indicates that a marked break in oxygen consumption 
occims in the neighborhood of 50 per cent of completion. Since 
the R.Q. observed during the oxidation of glucose is 1.0, the 
assimilatory process may be represented as 

CeHij Oe -b 3 O 2 = 3 (CH 2 O) -b 3 CO 2 -b 3 HjO 


( 10 ) 
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The oxidation of glucose tends to approach completion in the 
presence of m/400 NaNs or m/2000 a DNP. In a typical experi- 
ment 664 jul. of oxygen were consumed and 659 nl. of carbon 
dioxide were produced in 160 minutes in the presence of m/2000 
a DNP while in the same time the gaseous exchange in the 
absence of this agent was only 439 /A. of oxj'-gen and 429 jul. of 
carbon dioxide. The oxygen consumption and carbon dioxide 
production in the latter case had reached a level near that of 
the control when approximately 340 gl. of oxygen had been 
consumed. 


TABLE 4 

Influence of the age of a culture of E. coli on the rate of oxygen consumption 
in a MfSOO glucose-inorganic medium 


TIME 

NUMBER OF BACTERIA/ 

MICROLITERS OF Ol CONSUMED 

INTERVAL 

per ml. per hour 

per cell per hour 

minutes 




0-120 

6.5 X 10’ 

10 


120-180 

13.6 X 10’ 

21 

21.7 X 10-8 

180-240 

32.3 X 10’ 

34 

15.7 X 10-8 

240-300 

63.1 X 10’ 

63 

11.4 X 10-8 

300-360 

92.9 X 10’ 

80 

10.4 X 10-8 

360-420 

106.7 X 10’ 

41 

4.1 X 10-8 

420-480 

114.3 X 10’ 

11 

1.0 X 10-8 

480-540 

117.5 X 10’ 

4 

0.3 X 10-8 


254 





A marked break in the rate of oxygen consumption during the 
growth of E. coli in the S 3 mthetic medium plus glucose was noted 
by the time that the oxidation had proceeded to between thirty- 
five to forty per cent of completion. Typical results of oxygen 
consumption and of growth in the glucose medium are recorded in 
table 4, carbon dioxide values being omitted as they are identical 
with the values reported for oxygen within the limits of experi- 
mental error. Glucose could no longer be detected in the 
medium immediately after the marked break in oxygen con- 
sumption was observed. 

Since the concentration of phosphates was higher in the sus- 
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pensions than in the cultures, it was deemed advisable to repeat 
the studies with glucose as the source of energy and of carbon 
for growth. Accordingly three parts of the inorganic medium 
were diluted with one part of m/7.5 phosphate buffer of pH 7.1. 
The rate of oxygen consumption in this phosphate rich medium 
was approximately equal to that observed in the normal medium, 
but the marked break in oxygen consumption was obser\Td 
somewhat nearer 50 per cent of completion. This effect remains 
imexplained, but preliminary tests show that it is not due to a 
change in pH of the medium. No appreciable difference was 
observed in the extent of oxidation of pyruvate or of glycerol in 
the normal and in the phosphate-rich mediinn. 

DISCUSSION 

The data presented in this paper indicate that the oxidation 
of a number of organic compounds by suspensions of E. coli is not 
carried to completion, but that instead a portion of the compound 
is assimilated by the cells, probably in the form of a carbohydrate. 
Barker (1936), and Geisberger (1936), have reached similar con- 
clusions in regard to the oxidation of a variety of compounds by 
the colorless alga, Prototheca zopfii and various species of the 
genus Spirillum, respectively, while Benoy and Elliott (1937) 
have reported the s 3 mthesis of carbohydrate from a number of 
organic compounds by rat tissues under conditions similar to 
those prevailing in manometric experiments. Briick (1933) has 
demonstrated that iodoacetate inhibits the formation of glycogen 
from glucose or ethyl alcohol by yeast. This poison has also 
been shown to inhibit oxidative assimilation by Pseudomonas 
calco-acetica and Escherichia coli (Clifton, 1937). A number of 
other reports in the literature also demonstrate that the oxidation 
of various substrates is not carried to completion by suspensions 
of bacteria or by tissue slices. Thus, it becomes apparent that 
the study of respiration by the manometric technic does not 
necessarily separate assimilatory and dissimilatory processes. ^ 

Winzler (1938) has reported that the heat production during 
the oxidation of glucose and of acetate by yeast amounts to 
only 26.65 and 58.7 per cent respectively, of the theoretical 
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amounts for complete combustion to carbon dioxide and water 
while the heat production during the fermentation of glucose .is 
70.5 per cent of the theoretical. Winzler also reached the con- 
clusion that carbohydrate was assimilated during respiration and 
calculated that the free energy efficiency of this assimUatory 
process was only 2.9 and 12.2 per cent, respectively, during 
the oxidation of glucose and of acetate. He also demonstrated 
that the oxidation of acetate proceeds to completion in the 
presence of suitable concentrations of a dinitrophenol. 

The experiments reported in this paper leave no doubt that it 
is possible to poison the cells selectively in such a way that 
synthetical processes are prevented while at the same time 
respiration proceeds with complete oxidation of the substrate to 
carbon dioxide and water. This has been proved by the fact 
that with suitable concentrations of sodium azide or of a dinitro- 
phenol the oxygen consumption and carbon dioxide production 
approach the theoretical values for complete oxidation before a 
marked break in the rate of respiration is observed. 

Regardless of the initial concentration or total quantity of 
substrate, the oxygen consumed before the marked break in rate 
of consumption is observed is always a constant proportion of the 
total amount required for the oxidation of a given substrate. 
Therefore, the ratio of synthesis to oxidation must be constant 
for a given system. This suggests that there is a close con- 
nection between dissimilation and assimilation, possibly of the 
nature of coupled reactions for, as pointed out by Borsook 
(1935) (see also Clark, 1938), in order for synthesis to occur, i.e., 
for work to be done by a spontaneous reaction, there must be 
a simultaneous reaction involving an increase in free energy, 
and these two processes must be coupled in such a manner that 
electrons of hydrogen freed in one reaction are transferred to 
the other. Borsook also pointed out that the reduction of 
pyruvate to lactate (synthesis of lactate) by Escherichia coli in the 
presence of formate can be blocked by the addition of toluol, but 
that the reaction can proceed provided an appropriate artificial 
“carrier” between the two enzyme systems is added. 
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The inefficient utilization of energy by bacteria and other 
tissues may be explained as due to the stoichiometric relation- 
ship between the free-energy-yielding and the free-energy-re- 
quiring coupled reactions, the efficiency of synthesis being 
dependent upon the relative values of the free energies of the 
two halves of the reaction. Since the free energies of the as- 
similatory processes considered are much smaller than the free 
energies of the oxidations to carbon dioxide and water — that is 
the substrates are nearer in chemical potential to the cell material 
than to their oxidation products — there is necessarily much 
loss of energy. This is demonstrated by the fact that the 
same amoimt of assimilation occurs during the oxidation of lactate 
and P3rruvate, or of succinate and fumarate, although the free 
energy of lactate or of succinate is greater than that of pyruvate 
or fumarate, respectively. This suggests that assimilation may 
involve the intermediate products of oxidation rather than the 
initial substrate. 

It is true that the manner of action of NaNs or of aDNP 
in blocking the assimilatory process is still obscure. Experi- 
ments with methylene blue as the hydrogen acceptor indicate 
that NaNs does not inhibit the dehydrogenase systems of E. coli. 
Green, Needham and Dewane (1937) are of the opinion that 
synthesis of carbohydrate from lactate in muscle takes place in 
the following manner; a trace of phosphoglycerate will react with 
lactate to produce triosephosphate and pyruvate; this reaction 
will proceed if the triosephosphate is continually removed by 
condensation to hexosediphosphate and then to glycogen and 
phosphate. Given an energy source, the pyruvate formed in the 
oxido-reduction reaction could be phosphorylated and its con- 
version into a further supply of phosphoglycerate to react with 
lactate would follow. 

The principle of carbohydrate formation by E. coli could 
possibly be a dehydrogenation of a portion of the substrate with 
a transfer of this hydrogen by means of a carrier such as coenzjTnc 
to phosphoglycerate, the reduced form of the latter being removed 
by condensation and complex carbohydrate formation. The for- 
mation and phosphorylation of pyruvate or related compounds 
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during the oxidation of the substrate would serve as a continual 
source of phosphoglycerate to enable the reaction to continue, 
energy being supplied by coupled reactions during which a portion 
of the substrate is oxidized to carbon dioxide and water. It has 
been demonstrated that iodoacetate, an agent shown to block 
assimilation by Pseudomonas calco-acetica and Escherichia coU, 
will block the conversion of triosephosphate into phosphoglycer- 
ate. Possibly NaNa and a. DNP may also exert an inhibitory 
action in the chain of reactions leading to stored carbohydrate, 
thus allowing the oxidation to proceed to completion. Studies 
are in progress to determine if assimilation, and the blocking of 
assimilation does proceed as postulated above. 

It has been demonstrated that the oxidative assimilation of 
lactate, pjTuvate, glycerol or of glucose as observed in buffered 
suspensions of E. coli appears to be the primary assimilatory 
processes in actively proliferating cultures of this organism. 
We may therefore postulate that the general assimilatory process 
may be represented as: 

Substrate O2 yielding energy = assimilated material •+• CO2 + H2O 
much as 

CO2 + H2O + radiant energy = (CH2O) -f- 02 
represents the assimilatory process in the green plant. 

SUMMARY 

It has been shown that the oxidation of acetate, propionate, 
lactate, glycerol, fumarate, succinate and glucose by washed 
suspensions of Escherichia coli in phosphate or bicarbonate 
buffers is not carried to completion. The results suggest that a 
portion of the substrate is assimilated as carbohydrate by the 
cells, the amount assimilated being dependent on the nature of 
the substrate and independent of its concentration. 

Indirect evidence of this assimilation is presented in studies 
on the growth of Escherichia coli in a synthetic medium, the 
same relation between the extent of oxidation and assimilation 
being observed in actively proliferating cultures as in washed 
suspensions of this organism. 
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The respiratory and asshnilatory processes appear to be closely 
connected although it is possible to block the asshnilatory proc- 
ess and bring about a complete oxidation of the substrate by 
adding suitable concentration of sodium azide or of a dinitro- 
phenol to the bacterial suspension. 
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The enzyme complements of the proteol 3 d;ic anaerobic bacteria 
have been widely investigated, but strangely enough Clostridium 
botuUnum has been neglected in this respect. In view of the 
importance of this organism both theoretically and practically, 
as a producer of a potent neurotoxin, we have attempted to 
determine the nature and properties of the various enzymes 
which catalyze proteolysis by this organism and the relation of 
these enzymes to toxin production. 

Wagner, Meyer and Dozier (1925) stated that the gelatinase 
which was produced in cultures of C. botulinum was influenced by 
the carbohydrate concentration of the medium and they observed 
a more rapid disappearance of the gelatinase in the presence of 
carbohydrate than in its absence. 

Snipe and Sommer (1928) in their work on puriflcation of 
botulinus toxin found that a gelatinase, a peptidase, and a 
lipase were precipitated with the toxin by acidiflcation of the 
supernatant hquid from cultures. 

Maschmanu (1927, 1938) has also made a study of the proteo- 
lytic enzymes of C. botulinum. He found that “there is a pro- 
teinase, an aminopolypeptidase and a dipeptidase secreted in 
the medium during growth.” These enzymes were determined 
by the amino-group titration procedure. They were activated 
by m/250 cysteine, m/100 hydrogen cyanide and were unaffected 
by lodoacetic acid. Maschmann also found that cysteine was 
necessary before the proteinase would attack clupeine. 

541 
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The objections, however, to using amino group or carboxyl 
group determinations for estimating proteinase actmty have 
been clearly stated by Northrop (1932) and Anson (1932). 
“The splitting of peptide linkages which is what is measured 
by determination of the number of amino and carboxjd groups 
freed is due not only to proteinases but also to peptidases which 
cannot digest proteins. The estimation of the proteinases of 
anaerobes by Maschmann are thus estimations not of proteinase 
alone but of proteinases plus peptidases.” (Anson, 1938). 

EXPERIMENTAL 

Northrop (1932) determined that the first effect of proteinases 
such as pepsin and trypsin on proteins (gelatin, casein and 
edestin) was to cause a rapid decrease in the viscosity of the 
protein. A measure of the viscosity changes during the first 
few minutes of contact between “enzynme solution” (culture super- 
natant) and protein will therefore give an accurate estimate of 
the true proteinase concentration. 

The gelatin and casein solutions were prepared as recom- 
mended by Northrop (1932) for standard methods, of peptic 
digestion. The actual viscosimetric determination of proteinase 
also followed Northrop’s procedure (1932) with minor alterations. 

The equation which was used to evaluate culture fluids for 
proteinase in this method was that suggested by Northrop 
(1932): 


where N — the specific viscosity of the protein solution, is = 
time of outflow of protein solution, tUiO = time of outflow of 
water from same viscosimeter. 

The values of N were then plotted against the time elapsed 
after the enzymes and substrate solutions were mixed. ^ The 
percentage change in viscosity for a given period was then inter- 
polated from the curves. The zero point was determined by 
extrapolating on the curve obtained with a portion of enzjmie 
solution previously boiled. 
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The per cent changes obtained by interpolation for a group of 
dilutions were averaged and the mean value determined for a 
digestion period of thirty minutes. It will be seen from the data 
below that the per cent change caused by different dilutions of 
culture fluid varied directly with the reciprocal of the dilution 
used. The error determined with a time period of thirty minutes 
was within 5 per cent. When the period was taken at twenty 
mmutes the error was consistently larger and therefore thirty 
minutes was chosen as the uniform point of calculation. (See 
fig. 1.) 

It is obvious from the data that the method allows definite 
appraisal of the proteinase content of a supernatant fluid. 

TABLE 1 

Per cent change caused in viscosity of S.5 per cent gelatin solution, pH 7.0 by 
various amounts of proteinase of C. hotulinum 
Temperature of reaction 35.5° C. 


DXGE8« 

TION 

TIME 

PER CENT CHANGE IN 
TiaCOSITT 

VALUE or K 

MEAN 
VALUE 
OP K 

DILUTION RECIPROCAL 
CALCULATED MEAN K 

PER CENT CHANGE 

Dilution reciprocal 

2 

3 

A 

5 

2 

3 

4 

5 

2 

3 

^9 

5 

?ntn- 

20 

30 

55.3 

67.6 

37.5 

44.6 

25.8 

33 

21.4 

26.7 

110.6 

235.2 

112.5 

133.8 

113.2 

132 

107 

133.5 

110.8 

133.6 

2.00 

1.97 

2.95 

2.99 

yiPii 

I 


However there are certain points limiting the interpretation of 
any viscosity change of a protein by such an “enzyme solution.” 
The most important is that by this method we have probably 
measured only one type of proteinase, “gelatinase,” and have 
not measured the total proteinase activity. Other proteinases 
such as that responsible for milk clotting should also be inves- 
tigated, not only to determine their presence but also to check 
the validity of the viscosimetric method. The investigation of 
the milk-clotting power of culture fluids of C. parabotulinum on 
purified enzyme preparations will form the subject of a sub- 
sequent paper. 

It was next imperative that certain properties of the proteinase 
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be defined in order to determine the set of conditions under 
which it could be routinely evaluated in the future and, if possible, 
its relation to other proteinases. 

Experiment 1. Relation between proteinase activity aiid pH 

Isoelectric gelatin was adjusted to the desired pH with HCl or 
NaOH. The supernatant fluids from forty-eight-hour-old cul- 
tures were collected and brought to the proper pH value 



before addition to the substrate. Ail pH values were controlled 
electrometrically. 

The greatest change in the viscosity of a gelatin solution vas 
obtained in thirty minutes at pH 7.0. In this respect the 
proteinase of C. botulinum differs from the animal proteinases, 
since the optimum pH for pepsin is about 2.6, for the cathepsins 
3.7, for pancreatic proteinase 9, and for papain 7.4. On the 
other hand, the value obtained here agrees well with those for 
Clostridium histolyticum, Clostridium sporogenes, and Closhidium 
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welchii as reported by Weil and Kocbolaty (1937), and other 
bacterial proteinases. 

We did not at this time attempt to answer the question con- 


TABLE 2 



o 3 i s e r 6 9 /o // /3 


pH 

Fig. 2 

cerning the effect of pH on the enzyme and on the actual viscosity 
change. It is quite possible that our results in this section do 
not represent an effect of pH on the activity of the enzyme but 
rather the effect of pH on the rupture of the linkages in the 
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protein molecule. In other words, the change in viscosity per 
bond hydrolyzed may be greatest at a given pH. We may have 
been measuring this latter effect. 

Having determined the “pH of maximal activity,” it remained 
to characterize the proteinase by activations and inactivations. 

o. The effect of cysteine. Cysteine hydrochloride solution, 
neutralized before testing, was added to aliquots of proteinase 
preparations so that there were final concentrations of 0.0S2 xi 
and 0.0082 m cysteine per cubic centimeter enzyme solution. The 
mixtures were placed in a vacuum desiccator and incubated in 
vacuo for thirty minutes. The proteinase solution was then 
removed and its activity against gelatin determined xdscosi- 
metrically. All components of the digestion mixture were ad- 

TABLE 3 


Effect of cysteine 


PBOTEIKABE PBEPABATIOK 

PEB CENT CHAKOC IH 

viBCosJTT or 

GELATIN SOLtmON 

(a) Untreated preparation 

64.2 

(b) Heat-inactivated 

0.0 

(c) Treated with 0.0082 Mols cysteine 

64.2 

M) TrftRtfifI with 0.082 Mol oystfiinfi 

52.6 




Inactivation by cysteine = 11.6 per cent. 


justed to pH 7.0 electrometrically. Controls were composed of 
(o) suitably diluted active proteinase preparations and (h) boiled 
enzyme plus 0.082 m cysteine. The results are presented in 
table 3 and figure 3. Unlike the proteinase of C. hislolylicum 
(Weil and Kocholaty, 1937) cysteine inhibited that of C. hohi- 
linum. This effect, plus the action of cyanide to be discussed 
subsequently, indicates that the proteinase of C. hotulimim is not 
of the papainase type. 

b. The effect of sodium cyanide. Solutions of sodium cyanide 
in m/15 phosphate buffer, pH 7.0, were prepared so that there 
w’^ere 0.2 mol and 0.02 mol cyanide salt per cubic centimeter. 
Equal volumes of proteinase preparation and cyanide solution 
were incubated at 37°C. for thirty minutes, after which aliquots 
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were removed to gelatin solution and tested viscosimetrically. 
Control tubes included (a) heat-inactivated enzyme solution 
containing 0.2 mol of sodium cyanide per cubic centimeter, (6) 



TABLE 4 

Eifect of sodium cyanide on proteinase 


PROTEINASE PREPARATION 

PER CENT VI6COSITT 
CHANGE 

(a) Untreated 

45.3 

(b) Heat Inactivated plus 0.1 Mol cyanide 

0 0 

(c) Heat Inactivated 

0.0 

(d) Treated with 0.1 Mol cyanide per cc. proteinase 

0 0 

(e) Treated with 0.01 Mol cyanide per cc. proteinase 

45.3 


Inactivation by" 0 1 Mol sodium cyanide = 100 per cent. 


heat-inactivated enzyme suitably diluted with distilled water, 
and (c) untreated enzyme suitably diluted. All pH values were 
checked before the mixtures were placed in the viscosimeter. 
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A total inhibition of the proteinase preparation by 0.1 mol 
sodium cyanide was observed, at pH 7.0. 

Altering the pH to 5 and 9 during the cyanide inactivation did 
not change the effect, as Lawrie (1937) had observed to be the 
case with the proteinase of Glaucoma piriformis. The results 
obtained in this work are also contradictory to those of hfasch- 
mann (1937) who based his proteinase determinations on amino 



group titrations. He found that m/100 hydrogen cyanide and 
m/250 cysteine activated the proteinase of C. hoiuUnum. 

Copper sulfate in the amount of 6 X 10~^ mol per cubic centi- 
meter of proteinase also showed a complete inactivation viscosi- 
metrically, both in air and in vacuo, in this series of experiments. 
The in vacuo tests were carried out to check the possible action 
of copper in catalyzing the uptake of oxygen or the oxidation of 
the proteinase. 

It must be observed that the fundamental difference in the 
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methods which were used in these experiments and bj'- Masch- 
mann to determine “proteinase activity” may well be the cause 
for the divergence of results. The viscosimetric method is one 
predominantly involving a physical change in the micelle struc- 
ture of the protein substrate. It certainly has been proven 
that amino nitrogen or carboxyl group titrations measure the 
entire proteolytic activity and not the action of the proteinase 
alone. Hence the seemingly contradictory results on inactivation 
phenomena are not strictly comparable. 

c. The effect of hydrogen peroxide. To determine whether the 
active group on the proteinase of C. boiuUnum was of sulfhydryl 
nature, the action of hydrogen peroxide was tested. It was 
conceivable that the peroxide might oxidize such a group which 


TABLE 5 

Effect of hydrogen peroxide 


PROTEINAflE PREPARATION 

PER CENT VlBCOSirr 
CHANOB 

Untreated, dialyzed 

45 

Heat Inactivated, dialyzed 

0.0 

Treated with 0.1 cc. peroxide 

34.3 


31.2 



Inactivation by peroxide = 13.8 per cent. 


could be reactivated by the addition of hydrogen sulfide to reduce 
the action. 

Five-cubic-centimeter ahquots of a 30-hour-old supernatant 
fluid at pH 7.0 received 0.1 and 1.0 cubic centimeter amounts 
of a 30 per cent hydrogen peroxide solution. The mixtures were 
incubated one hour at 37°C. and then dialyzed for one hour 
against distilled water in cellophane tubing to remove the 
peroxide. One-cubic-centimeter amounts were tested on gelatin 
solution. Control tubes checked the effect of (a) dialysis on the 
enzyme and (6) boiled dialyzed proteinase. 

Attempts to reactivate the peroxide-treated proteinase solu- 
tion by hydrogen sulfide and thioglycollic acid were made but 
were not successful. It appeared that the peroxide exerted an 
irreversible inactivating effect. 







550 


S. S. ELBERG AND K. F. JIETEE 


The ability to decrease the viscosity of gelatin solutions was 
paralleled by similar alterations in casein solution. However, in 
this respect quantitative differences were noted, namely in the 
amount of proteinase solution required to cause such a change. 
It was found that the concentration of the enzyme, considered 
as per cent of the total volume of the digestion mixture, had to bo 
raised to 40 per cent for casein digestion, whereas with gelatin 
it amounted to 16 per cent. 



The emves obtained with casein also lack the large initial 
change in per cent viscosity (0-15 minutes) so characteristic of 
gelatin digestion. A typical determination with casein is pre- 
sented. _ 

Three cubic centimeters of a 5 per cent casein solution at pH 
7.0 plus 2 cc. of a proteinase preparation were tested in the 
usual manner. The control was composed of a boiled proteinase 

preparation. _ 

It will be seen from the curves that the proteinase was able 
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to accomplisli a 46.2 per cent change in the viscosity of the casein 
within thirty minutes. 

Experiments on pH-activity relations, cysteine, cyanide and 
peroxide effects were carried out leading to the same results 
obtained with gelatin. 

Edestin was also acted upon by the proteinase of C. botulinum. 
However, the results with this protein were not as clear cut as 
with gelatin or casein owing to the relative insolubility of the 
protein at the pH of optimum activity. Minor variations in the 
pH of the digestion mixture frequently caused minute flakes of 
edestin to form in the viscosimeter. As a result, most of the 
experiments on edestin had to be carried out around pH 8.0. 
The data at this point were however comparable to those for 
gelatin at the same pH. 

To determine the extent of digestion of the protein of which 
the proteinase was capable, it was decided to use Willstatter 
and Waldschmidt-Leitz’s alcoholic titration of the amino group 
(1921). Although such a method does not estimate proteinase 
alone, but the total activity of all the proteolytic enzymes in 
the fluid, it was felt at this time that preliminary experiments on 
whole proteins would pave the way in standardizing this pro- 
cedure for the determinqtions of the lower peptidases. 

There are approximately three t 3 q)ical methods for estimating amino 
nitrogen. These are (a) the nitrous acid method of Van Slyke (6) 
the formaldehyde method, and (c) the alcoholimetric titration. None 
is entirely satisfactory. The Van Slyke nitrous acid method is tedious, 
fortuitous errors arise from frothing and reducing agents in solution, 
and it gives faulty values for several amino acids and peptides. 
[Richardson, 1934.] 

The formaldehyde and alcohol titrations are rapid and were 
specifically developed for enzyme and protein chemistry. Fm- 
thermore, with a glass electrode available the end points are not 
difficult to attain, although they are on the alkaline side in a 
range where the electrode works with less precision. With 
control solutions treated identically, the values are only used in 
relation to each other and approximately the same electrode 
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error obtains in both the test and control series. The error of 
the electrode in this region (10.5) is equalled by the error in the 
colorimetric method. 

TABLE 6 


Alkalimelric delerminalion of •pH-aclivily curve 



f fours of Crottffi 
Fig. 6 

The presence of phosphate buffer salts in the medium which 
interfered with the formol titration, plus the possible stepwise 
procedure in the alcoholic method, made it more profitable to 
use the latter method. 
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For completion the following experiment, relating activity 
to pH range, is presented. 

Fifteen cubic centimeters of gelatin solution adjusted electro- 
metrically with hydrochloric acid or sodium hydroxide to the 
desired pH were mixed with 3 ec. of supernatant fluid, also 
adjusted to proper pH value, and incubated 18 hours at 37°C. 
Controls consisted of boiled proteinase preparations or, in other 
cases, aliquots of the test mixture titrated immediately on mixing. 
The pH was adjusted to 7.0, and absolute alcohol added until 
the final alcohol concentration was 90 per cent. The mixtures 
were then titrated with n/5 KOH in 90 per cent alcohol to pH 
10.5 by means of the glass electrode. 

Comparison between the shape of the curve obtained by alkali- 
metric determination and that obtained viscosimetrically reveals 
an identity of optimum points but also shows in the former case 
a more gradual loss of activity on the alkaline side. 

THE POLYPEPTIDASES 

а. “Polypeptidase” activity was determined by using a 1 per 
cent Witte’s peptone solution, at pH 7.4. Eight cubic centi- 
meters of the peptone solution were mixed with 4 cc. of the super- 
natant fluid, and a 5 cc. aliquot withdrawn immediately for 
the control titration. The remainder of the digestion mixture 
was incubated at 37°C. and a 5 cc. aliquot titrated. 

б. Aminopolypeptidase activity was determined with d,-l-leu- 
cylglycyl-glycine. A m/10 solution was prepared and adjusted 
to pH 7.8; 4 cc., containing 0.0004 mol, were mixed with 2 cc. 
supernatant fluid. A 3 cc. aliquot was removed immediately 
for the control titration and the remainder incubated at 37°C. 
for 18 hours. 

c. Carboxypolypeptidase activity was determined with chlor- 
acetyl-l-tyrosine as substrate. A m/25 solution was used, of 
which 10 cc., containing 0.0004 mol, at pH 7.8, was mixed with 
4 cc. supernatant fluid. An aliquot of 7 cc. was removed im- 
mediately for the control titration and the rest was incubated 
18 hours at 37°C. 

d. Dipeptidase was determined with d,l-leucyl-glycine and 
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glycyl-glycine as substrates, m/10 solutions were prepared, of 
wbicb 4 cc., containing 0.0004 mol, at pH 8.0, were mked ivilh 
2 cc. supernatant fluid. A 3 cc. aliquot was removed im- 
mediately for the control titration and the remainder titrated 
after 18 hours at 37°C. 

e. Tri-glycine splitting ability was determined with diglycyl- 
glycine, using m/10 solution, at pH 7.8. The digestion mixture 
contained 4 cc. (0.0004 mol) substrate plus 2 cc. supernatant 
fluid. The usual control was titrated and the test incubated 
18 hours at 37°C. 

It was to be expected from the growth of C. hoMinwn in com- 
mercial peptones that a “polypeptidase” would be present in the 


TABLE 7 

Peptidase activity of a 48-hour-culture supernatant fluid 


ENZYME DETERMINED 

TITBATION VALUE 

(cc. n/5 KOH) 

PERCENT OPTOEO- 
nmCAL BTDOOLTSW 

1. "Polypeptidase” (48 hrs.) 

0 

0 

(24 hour culture) i 

0.8 


(72 hour culture) 



2. Aminopolypeptidase 


3.0 

3. Carboxypolypeptidase 

0.0 

0 

4. Dipeptidase: 


t 

(a) Leucyl glycine 

0.06 

i 6 

(b) Glycyl glycine 

0.0 

0 

5. Tripeptidase (Diglycyl glycine) 

0.0 

0 


extracellular system. The significance of this hydrolysis is of 
course not clear, owing to the uncertainty of the chemical nature 
of the substrate, and to the fact that proteinases also attack 
peptones. The ability of the supernatant to decompose “Pro- 
teose Peptone” would indicate the ability of the organism to 
produce peptidases acting on polypeptides of more than three 
amino acids in the chain. 

The lack of ability to decompose chloracetyl-l-tyrosine, in- 
dicating the absence of a carboxypolypeptidase, was confirmed 
by testing supernatant flmds every 24 hours over a period of 
240 hours at pH values from 4 to 10. At no time was there any 
indication of such an enzjune in the extracellular system. 
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The presence of an aminopolypeptidase was confirmed re- 
peatedly. It was also determined that after 5 to 6 days the 
hydrolysis would exceed 50 per cent, indicating that both optically 
active forms were hydrolysed. This enzyme in supernatant 
fluids of C. hotulinum was also found by Maschmann and he 
observed that it was specifically inactivated by cysteine and 
cyanide. 



The presence of a dipeptidase was confirmed, and in the case 
of Clostridium parabotulinum, it was also found that peptides 
containing only molecules of glycine were not hydrolysed. 
Johnson and Peterson (1935 a, b) noted this same specificity in 
the case of the dipeptidase of Aspergillus parasiticus. It was 
observed that, in the case of C. hotulinum, apparently both 
optically active forms were hydrolysed inasmuch as the per cent 
hydrolysis was often equivalent to more than 50 per cent. 

The inabihty to hydrolyse diglycyl glycine further emphasized 
the specificity of the polypeptidases. 
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The optimum points for activity of the aminopolypeptidasc 
and dipeptidase in the extracellular system were determined to 
be pH 7.8 and 8.0 respectively. 

It was decided to postpone indefinitely further experiments on 
activation and inactivation procedures on these enzjTnes until 
a time-correlation between them and toxin production could 
be tentatively established. 

The extracellular proteol 3 dic system of C. parahotidinnm, A, 
apparently consists at least of a “proteinase,” which changes the 
viscosity of gelatin, casein and edestin, and aminopoljTieptidasc, 
a dipeptidase, and a “Polypeptidase.” In this system there 
are no carboxypol 3 TDeptidases nor are there enzymes hydrolyzing 
chains of glycine molecules. 

In the case of C. botuUnum certain experiments have been 
reported of potential significance. Stark, Sherman and Stark 
(1928a, b) allowed sterile filtrates of cultures to act on sterile 
skimmed milk, purified casein, and yeast cells. It was found 
that when one part of toxic filtrate was mixed and incubated 
with 49 parts of millc a seven-fold increase in the m.l.d. per 
cubic centimeter content of the toxic mixture resulted. These 
results were confirmed and extended by Meyer (1928). 

The apparent significance of the extracellular enzymes, 
plus the fact that no direct approach to this problem has been 
reported, where the enzymes have been materially inhibited and 
the toxin formation determined, gave impetus to the collection 
and presentation of relevant data. An examination of the 
proteolytic enzymes present in the surrounding medium dining 
all phases of growth has been attempted. 

Experimental 

The first step taken was to determine the time of appearance of 
toxin and the extracellular proteol34ic enzymes. 

Experiment 1. Tubes containing 10 cc. of glucose-beef heart 
medium prepared as described in the introduction were inoculated 
with a suspension of dried spores. The inoculum was .'^mn 1 
enough so that no change in turbidity of the medium resulted. 
At stated periods tubes were removed from the series, centrifuged 
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to remove the organisms, and the latter removed and washed in 
saline. Before the final washing and centrifugalization, the 
organisms were transferred to conical micro-Kjeldahl centrifuge 
flasks. The sediment was then resuspended in 1 cc. distilled 
water. 

The Kjeldahl method for determining nitrogen, modified by 
Pregl (1930), was used to determine the bacterial nitrogen. 
One cubic centimeter of concentrated sulfuric acid was added to 
the suspension, which also received a knife-point of a mixture of 
copper and potassium sulfate (1:2). It was also found advisable 
to accept Mueller’s recommendation (1935) that 4 drops of 30 
per cent hydrogen peroxide be added three times during the 
digestion. The distillations were carried out in an all-glass 
apparatus designed and made by Mr. Cummings of the University 
Chemistry Department. 

On the supernatant fluid from the centrifuged cultures deter- 
minations of proteinase, aminopolypeptidase, dipeptidase, and 
"polypeptidase” were made. 

Another aliquot of the same supernatant fluid was diluted in 
a series of 10-fold dilutions and the toxin concentration deter- 
mined in terms of m.l.d. per cubic centimeter by mouse inocula- 
tion. Duplicate mice were used for each dilution. Five-tenths 
cubic centimeter of each dilution was inoculated intraperitoneally 
and the amount required to kill a 20 gram mouse in 48 hoius 
determined as closely as possible. 

The composite data for a typical run are presented in table 8. 

It will be observed that maximum bacterial nitrogen is attained 
around the 27th hour, after which a slow decHne occurs, ac- 
companied by a visible decrease in turbidity of the culture fluid. 
The nitrogen values level off and remain fairly constant thereafter. 

Toxin begins to appear as early as the 21st hour of growth, 
reaching a peak long after the bacterial nitrogen maximum, and, 
it will be noticed, during the phase of visible autolysis. 

The proteinase parallels the bacterial nitrogen curve, and 
appears about 6 hours before toxin is detectable. On the other 
hand the lower peptidases do not appear in appreciable amount 
until long after the toxin has appeared. One would be led to 
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believe that, if any of the enzymes might bear a causal relation- 
ship the proteinase would bear further investigation. 

Experiment 2. Sodium cyanide solutions were prepared in 
m/15 phosphate buffer at pH 7.0. Ten-cubic-centimeter tubes 
of glucose-beef heart medium were adjusted to contain varying 


TABLE 8 


GBOWTH 

BACTERIAL 
NITROGEN 
PER 100 CC. 

TOXIN (M.L.D. 
PER CC.) 

PROTEINASE 

(viscoBirr 

change) 

AUINOPOLT- 

peptidasb 

DIPEPTIDASE 

roLTrrPTi. 
PABE (cC. K/S 

KOH) 

hours 

mom. 


percent 

(per eenthy- 
drolytxe) 

(per etnihy~ 
drolyeit) 


7 

0.33 

0 

0 

0 

0 

0 


0.50 






15 

1.35 

0 

1.3 

0 

0 

0 


1.68 






18 

2.94 

0 

6.9 

0 

0 

0 


3.20 






21 

6.65 

20 

23.4 

1 

0 

0.1 


6.65 






24 

8.40 

80 

38.6 

1 

6 

0.1 


8.39 






27 

10.8 

160 

55.1 

3 

5 

0.4 

30 

9.38 

400 

49.4 

3 

3 

0.4 


9.38 






33 

8.82 

480 

60.5 

3 

3 

0.4 


8.86 






36 

7.56 

800 

60.5 

5 

6 

0.5 


7.59 




1 

0.75 

45 

6.65 

2,000 

57 


18 


6.58 

1 

1 




0.56 

60 

6.33 

8,000 

54.1 

8 

30 

72 

6.30 

12,000 

60 

14 


0.48 


6.37 





0.32 

84 

6.16 

6,000 

50.5 

22 

43 


6.11 





0.35 

96 

6.37 

12,000 

58.8 

38 

60 

144 




60 

73 

0.25 


amounts of the cyanide salt and were then inoculated with a 
heated spore suspension. Sets of ten tubes per concentration o 
cyanide were used. 

In 30 hours, tubes containing 0.01 mol, and less, cyanide per 
cubic centimeter medium showed growth equal to that in the 
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control tubes containing no cyanide. Tubes containing more 
than 0.01 mol sodium cyanide per cubic centimeter medium 
eventually showed growth but the appearance of this growth was 
sometimes delayed for 8-10 days. 0.02 mol was the upper limit 
of cyanide concentration (per cubic centimeter medium), above 
which no growth ever occurred. 

Only tubes showing growth as soon as the control series (with 
no cyanide) were tested inasmuch as it was desired to simulate 
natural conditions as much as possible. 

The proteinase tests were carried out in the usual maimer 
with gelatin solution, at pH 7.0. 


TABLE 9 


Effect of sodium cyanide on production of proteinase 


FBOTEIHASE PBEPXBATIOH 


VZn CENT CEANOE lit 
TlSCOSrTT 


1. Untreated cxilture 

2. Secreted in presence of 0.005 Mol per cc. 

3. Secreted in presence of .008 Mol per cc.. 

4. Secreted in presence of 0.01 Mol per cc.. 

5. Heat-inactivated 


“Inactivation” by sodium cyanide in medium: 

0.005 Mol 

0.008 Mol 

0.01 Mol 


83.5 

77.5 

52.3 

28.3 
0.0 


7.2 per cent 
38.3 per cent 
66.2 per cent 


The toxin determinations were made for m.l.d. per cubic 
centimeter of medium. Inasmuch as the tubes with 0.005, 
0.008 and 0.01 mol sodium cyanide allowed growth at a rate 
equal to that of the control tubes, they were chosen for assay. 
The proteinase tests are presented in table 9. 

That the proteinase was not simply altered in its rate of 
appearance rather than in the total amount produced was tested 
by examining over a period of 96 hours the proteinase content of 
the medium. The maximal point was reached in every case 
around the 30th hour with no further increase. 

If the extracellular proteinase is directly concerned with toxin 
production, then tubes containing 0.008 and 0.01 mol. sodium 
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cj'anide per cubic centimeter of medium should show a decreased 
amoxmt of toxin, around the 96th hour when it is usuallj' maxi- 
mum in this medium. Such did not prove to be the case, how- 
ever, as the data in table 10 indicate. 

Tubes in which the proteinase showed 60 per cent inhibition 
or reduction in concentration were inoculated in 10-fold dilutions 
into mice in the usual manner. Control mice received antitoxin 
to check the possible effect of the cyanide and heat-inactivated 
toxin to further check the natures of the killing agent. A third 
series of mice received the supernatant fluid from cultures grown 
in the absence of cyanide. 

The complete similarly in picture between the cultures grown 
. in the presence and absence of sodium cyanide was confirmed 


TABLE 10 


TOXCf DI' 

ixmos 
(0.5 cc.) 

CTA^^D^:-TEEATEO 

CULTITRES 

UKTEEATED CULTXTEZS 

*'HEAT-KrLI*ED” 

TOXIN 

ANTTTOXIN-PnO- 

TtCTCD 

10-2 


Dead — 18 hours 

No symptoms 

No BymptomB 

10-2 


Dead— 28 hours 

No symptoms 

No Bj'mptoms 

10-‘ 

Dead — 45 hours 

Dead — 43 hours 

No symptoms 

No Bj’mptoms 

10-2 


Dead — 50 hours 

No B}'mptoms 

No Bj'mptoms 

10-2 


Symptoms mild 

No Bj'mptoms 

No Bj'mptoms 

10-2 


No symptoms 

No Bj'mptoms 

No symptoms 


on several repetitions. It was therefore concluded that a 60 
per cent reduction in the proteinase activity of the extracellular 
system does not cause a reduction in the toxin concentration de- 
tectable in this manner. It remains to test this assumption again 
on very much larger numbers of mice for statistical evaluation. 

Experiment S. The fact that the efficiency of the bacterial 
enzjmie systems may exert a masking influence, and that the 
40 per cent remaining acthdty of the enzjone may still account 
for toxin production was tested by examining the distribution of 
the proteinase in tj^ies of C. botuKmim. 

Four “B” tjTes, two “A” tjTies, a "C” and a “D” types were 
examined. The data are presented in table 11. 

For comparison, strains 526 C, 237 B, D, and 63 B wer/» pclnctcd 
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for toxin determinations. Titrations of the supernatant fluid 
from 96-hour-old cultures in mice again failed to show any cor- 
relation with the proteinase activity as the data in table 12 
indicate. 

The cultures from Type D and strain 237 B show on one hand 
maximal deviation in enzyme activity and on the other a quan- 
titative similarity in toxin-production ability. Strain 63 B 

TABLE 11 


Proteinase distribution 


BTRAIH ^ 

PER CENT CBAKGE IN VIBCOSITT IN 30 lUNtrTES 
BY 1 CC. CULTURE FLUID 


24 Hour culture 1 

48 hour culture 

237 (B) 

83.6 

81.0 

34 (B) 

74.5 

39.3 

London (A) 

63.9 

73.4 

63 (B) 

69 (A) 

59.0 

54.0 

58.3 

6 (B) 

30.3 

43.9 

526 (C) 

9.8 

0.0 

(D) 

0 

0.0 


TABLE 12 


Distribution data of proteinase and toxin 


BTRAIN 

PROTBIHABE AUTIVITT 

U.L.D. PER CC. 

237 

83.6 

200,000 

526 

9.8 


D 

0 


63 

59 



showing a moderately strong proteinase belongs in the same class 
toxigenically speaking with 526 C, which is practically inert as 
far as protein-splitting ability is concerned. 

It would appear therefore very probable that the residual 
activity of the extracellular proteinase in cyanide-treated cultures 
was not a factor in toxin production but more probably con- 
cerned the maintenance of the bacterial "stalus quo.” 

The question concerning the designation of a toxin as an exo- 
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toxin or an endotoxin and the implications arising from such 
terms have recently been brought to attention once more. 

The neurotoxins of Corynehaeterium diphtheriac, Closlridmn 
tetani and Clostridium hotulinum have been generally accepted 
as classical examples of exotoxins. It is certainly true, in 
addition, that these toxins possess characteristics which at once 
distinguish them from the endotoxins of the cholera vibrio and 
the meningococcus. However, the true state of affairs in desig- 
nating these toxins as endotoxins or exotoxins has been aptl)' 
summarized by Topley (1933) in the statement that “although 
this broad distinction can be made by comparing typical endo- 
toxins with typical exotoxins, our difficulties become gi'eat 
if we attempt to assign each bacterial product to its correct 
group. . . 

The data on the time of appearance of diphtheria, tetanus 
and botulinus toxins show that these toxins do not appear 
until the cells have reached the maximum growth phase, and, in 
fact, as our results show, botulinus toxin appears maximally 
during the phase when most of the cells are autolyzing. 

The results of Eaton (1936a, b, 1937) have shown almost con- 
clusively that the diphtheria toxin is a protein, which is heat- 
coagulable and which can be denatured by acids. Pappenheimer 
(1937a, b, c) has studied the purification of diphtheria toxin in 
a far simpler medium and also believes that the diphtheria toxin 
is a protein. Both investigators have isolated this toxic protein 
from media in which no protein tests were given before inocula- 
tion. The period of incubation before the toxin was harvested 
was around five to six days, enough time to elapse for consider- 
able lysis of cells if reference is made to a paper by hloloney and 
Hanna (1921) and to the more recent and accurate studies of 
Mueller (1935). 

The evidence indicates that diphtheria toxin is formed inside 
of the cells and is set free on the death and destruction of the 
cells. 

Our results with botulinus toxin also point to its intracellular 
formation on the basis of the rise in m.e.d. when visible autolysis 
occurs. Furthermore, the difficulty of obtaining ato.xic sus- 
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pensions of diphtheria and botulinus bacilli by washing is well- 
known. With diphtheria it is possible to produce anti-bacterial 
sera which are not antitoxic, as Eaton (1936b) succeeded in 
demonstrating. However, in the case of botulinus, Thom, 
Edmondson and Giltner (1919), Burke, Elder and Pischel (1921) 
and Nelson (1927) have stated that it is impossible to prepare 
botulinus bacilli or spores suspensions free of toxin, even after 
fifteen to twenty washings. In fact, Nelson (1927) found that 
a mass of botulinus bacilli could be extremely toxic despite the 
atoxicity of the broth fluid in which they had grown. 

It would appear therefore that, with C. botulinum, one is 
dealing with an endotoxin, or at least with a toxin the locus of 
production of which is inside the cell. This change in concep- 
tion does not in fact complicate the toxin make-up of bacteria 
because Boivin, Mesrobeaunu, Topley et al have shown that the 
classical endotoxins are very closely related, if not identical with, 
the somatic antigen. The toxin production of bacteria can 
therefore be pictured as occurring entirely within the cell. The 
true non-antigenic endotoxins may be considered intimately 
bound or identical with the soma whereas the characteristic 
antitoxinogenic toxins, also produced intracellularly, may be 
considered as substances to which the cell membrane is im- 
permeable during the life of the cell, and which are distinct from 
the somatic antigens of the cell. 

SUMMARY 

1. The extracellular proteolytic system in relation to toxin 
production was studied. It was found that a “proteinase,” 
acting on gelatin and casein was secreted into the medimn. 
This enzyme acted optimally at pH 7.0. It was inactivated by 
sodimu cyanide, cysteine, hydrogen peroxide and copper salts. 

2. The lower members in the proteolytic system included a 
polypeptidase acting on Witte’s peptone, an aminopolypeptidase, 
hydrolyzing leucyl-glycyl glycine and a dipeptidase, hydrolyzing 
leucyl glycine. The optimal pH values for these enzjones was 
7.8-8.0. 

3. Experiments on rate of appearance revealed that the 
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proteinase appeared first in the culture fluid, paralleling the trend 
of bacterial nitrogen. It also appeared at least six hours before 
the toxin could be demonstrated. 

4. The polypeptidases and dipeptidase appeared simultane- 
ously with toxin but, whereas the toxin reached its maximum 
around the ninety-sixth hour, these enzjnnes slowly increased 
during the first six days. 

5. When, during the normal growth of the organisms, the pro- 
teinase was inactivated by the presence of sodium cyanide in the 
medimn, the production of toxin was imchanged and unaltered. 

6. Various types of Clostridium botulinum showed no cor- 
relation between the extracellular proteolytic enzymes and toxin 
production. Types “C” and “D” produced large amoimts of 
toxin, comparable with the proteolytic type “A” in the absence 
of any detectable quantities of proteinase. Strains of type 
“B” on the other hand produced amounts of proteinase com- 
parable to that of type “A” but produced approximately one- 
tenth as much toxin. 
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INTRODUCTION 

The nutrition of the non-hemolytic streptococci, which occur 
often as human and animal pathogens, has been studied relatively 
little. A member of this group of streptococci was selected 
because of earlier studies using this organism, and also because it 
was felt that information obtained with this culture might aid in 
the solution of the nutritional requirements of the more fastidious 
hemolytic streptococci. 

Earlier workers on the metabolism of streptococci have confined 
themselves almost wholly to hemolytic strains. Kobayshi and 
Nishikawa (1921) reported that a hemolytic streptococcus studied 
by them responded to the addition of .005-.5 per cent cystine and 
.02-.2 per cent histidine hydrochloride to sheep-serum media. 

Gordon and McLeod (1921) studied the effect of amino acids 
on a number of organisms, including several hemolytic strepto- 
cocci. They reported high concentrations of amino acids to be 
very readily inhibitory to the growth of these bacteria. 

Mueller (1922a) showed that casein acid digests and beef 
infusions contained a growth factor for hemolytic streptococci. 
He also (1922b) showed that the factor could be removed by 
absorption of the digests or infusions on charcoal. Tryptophane, 
tyrosine, cystine, and histidine would not substitute for this 
factor. 

Freedman and Funk (1922a-b), using a hemolytic streptococcus 
as a test organism, also observed this growth factor in a number of 
substances, including beef-‘muscle’ and beef-heart infusions, 
peptone and brewer’s yeasts. 

* Authorized for publication on October 13, 1938, as paper No. 856 in the 
Journal Series of the Pennsylvania Agricultural Experiment Station. 
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Whitehead (1924) also reported the presence of a growth factor 
for hemolytic streptococci in the Dakin butyl-alcohol-insolublc 
fraction of casein acid digests. He studied various amino acids 
and reported (1926) that inorganic phosphates were probably 
more important than amino acids in the nutrition of streptococci. 

Thompson (1929) observed the effect of vegetable and beef 
heart extracts on the growth of hemolytic streptococci which were 
not able to grow on nutrient broth. The growth-promoting 
power of the extracts was destroyed by heat. 

Krasnow and Rosenberg (1929) and I&asnow and Gics (1920) 
studied synthetic media, supplemented wdth such simple sources 
of nitrogen as amino acids and ammonium salts. In the 671 and 
441 media studied respectively, none gave growth past the second 
subculture, wdth the strains of dental streptococci used. 

Farrell and Thomas (1932) using a gamma-type streptococcus 
called Streptococcus rheumaticus observed sur\nval times on 
various synthetic media, using ammonium salts, amino acids, and 
amines as the nitrogen sources. In general, they found that 
phenylalanine, leucine, cystine, glutamic acid and histidine were 
beneficial to the survival of the culture. 

Koser and Saunders (1935) isolated a substance from beef 
extract which stimulated the growth of streptococci and other 
bacteria. Very small amounts of this factor, when added to a 
S3’nthetic base, fostered growth. 

Smith (1938a-b) observed that the production of haemolysin 
by hemolytic streptococci was strongly affected by changing the 
concentration of peptone in the medium. E.vcess peptone, 
especially the dialysable fraction, inhibited the production of 
haemotysin. 

Hutner (1938) has studied the effect of various fractions of 
casein acid digests obtained by precipitation and by other 
methods on the growth of the hemoljdic streptococci. lie .‘■howed 
that the sulfur-bearing amino acids were vorj' important in 
streptococcal metabolism. 

Koser, Finkle, Dorfman, Gordon and Saunders (103S) at- 
tempted to cultivate a heraoljdic streptococcus in a syntlirtic 
medium of salts, amino acids, etc. Various factors were added 
such as tissue extracts, the sporogenes vitamin and the grov/th 
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factor for the propionic acid bacteria. No growth was observed 
with any of these substances. 

It was the purpose of the present study to investigate the growth- 
promoting ability of casein acid hydrolysates and the fractions of 
such hydrolysates for a representative pathogenic, non-hemolytic 
streptococcus. In addition, upon learning which fraction or 
fractions stimulated growth the amino acids known to be present 
in such fractions were studied individually to determine which of 
these substances is most essential to the nitrogen metabohsm of 
this streptococcus. 


PROCEDURE 

The casein acid hydrolysates used in this study were prepared 
and fractionated according to the method of Dakin (1918). 
Briefly, this consisted of digesting a technical grade of casein in a 
refluxing condenser with 30.0 per cent sulphuric acid. The 
sulphuric acid was removed quantitatively with barium hydroxide 
after diluting the digest to several volumes with distilled water. 
The neutralized digest was concentrated in vacuo to a volume of 
about 500 cc. per 100 grams casein used. The digest thus 
prepared was allowed to stand in the refrigerator over night. The 
more insoluble tyrosine and part of the leucines were precipitated 
and removed by filtering. The remaining digest was made up 
to 500 cc. volume per 100 grams casein. It was then fractionated 
in a Kutscher-Steudel extractor with normal butyl alcohol. The 
resulting three fractions, when purified according to Dakin con- 
sisted of the following groups of substances: 

Fraction A: monamino, monocarboxylic amino acids, less 
tyrosine and a part of the leucine isomers. This fraction is 
extracted in butyl alcohol and precipitates out as a white powder. 

Fraction B: proline and hydroxy proline which remains in 
solution in the butyl alcohol in the extraction flask. 

Fraction C: the butyl-alcohol-insoluble fraction, made up of 
the diamino and dicarboxylic amino acids and the heteroc 3 ’’cfic 
acids. Tryptophane is absent from this group as it is destroyed 
by acid digestion. 

The fractions thus secured were sterihzed by autoclaving at 
15 pounds for 15 minutes. 
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The organism employed in this stud}^, Streptococcus rhcuiml- 
icus, Allen strain, was a representative strain of a non-hemolytic, 
pathogenic streptococcus which was secured from the Lister 
Institute. The organism was a very short-chained streptococcus; 
it grew well on the beef-infusion stock culture medium and 
poorly, or not at all, on 0.3 per cent beef-extract water. Tliis 
strain had been carried in the stock culture collection on ground- 
meat medium. During the period of this study the culture was 
carried on beef-infusion agar, pH 7.4-7.6, and transferred e\'cry 
other day over a period of six months before being used in this 
investigation. This was found necessary because inconsistent 
results were obtained when care was not taken to assure a young, 
active, uniform culture. Older cultures tended to become 
adapted to the basal medium and in many cases made duplica- 
tion of results difficult. 

The basal medium, to which the hydrolysate fractions and 
amino acids were added, wms 0.3 per cent beef extract (Difeo) 
water. (It was presumed that the carbon and mineral sources 
were supplied by this extract.) In all cases where the volume was 
altered by adding amino acid solutions, the basal medium was so 
prepared as to provdde the proper final volume and concentration 
of all constituents. The reaction of these media was pH 7.4-7.G 
and all supplementing materials were checked for proper pll 
values. The media containing digest fractions were prepared as 
indicated in the several tables. When a medium is shown a*; 
containing 5.0 per cent of a fraction, it is to be interpreted that 
each 10 cc.= of culture medium contains 0.5 cc. of the fraction 
indicated. These media were sterilized by autoclaving at lo 
pounds for 15 minutes. The amino acids used in this stud}' were 
made up in solutions of varying concentrations (depending upon 
the solubilities of the acids), and sterilized by filtration. They 
were added in the required amounts, as later determined, to 
prepared and sterilized beef extract water. 

All estimations of growth were made for final recording after 
culturing the organism on the medium under consideration thrre 
or foiur times. It was assumed that the third subculture .‘•hotild 

»A1I media were dispensed so that each culture tube rontnined 10 rr. f.! 
medium. 
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give growth which was not affected by food materials carried 
over with the inoculum from the infusion-broth culture medium. 
Inoculations were made with a straight nichrome needle. In 
preliminary investigations growth was estimated by visual esti- 
mations of turbidity and by colorimetric and volumetric micro- 
Kjeldahl procedures. These methods were not satisfactory. 
The first, because it involved excessive dependence upon the 
human factor, could hardly be considered as more than semi- 
quantitative. The second and third procedures are inaccurate 
because they both require that the cells be separated from the 
culture medium. This is very difficult when dealing with small 
amounts of culture medium and is especially difficult with strepto- 
coccal cells of this type, which do not form a pellicle or pack well. 
For these reasons growth was measured by using a photoelectric 
colorimeter to determine the turbidity of cell suspensions.® 

The turbidity of each culture was determined in triplicate 
against the uninoculated controls. The resulting readings were 
treated as ordinary colorimetric values and the index of growth 
produced was secured by dividing the reading of the culture cup 
into the reading of the uninoculated culture medium control. By 
reducing the denominator of this fraction to one, the ratio or 
index thus secured was then used as a value to compare with a 
similar value secured with the beef-extract water culture. The 
resulting expression : 


Index of growth of any culture medium 
Index of growth of the beef-extract water 


= growth index 


was used as a means of comparing growth-promoting ability.^ 


* Since the turbidity produced by the growth of the strain used was very even 
it was felt that if it were possible to measure turbidity by some mechanical means 
a relatively satisfactory method of estimating growth could be devised. 

‘ In order to make clear just how this growth index was derived an example is 
given: 

Colorimetric readings 
of vninoculated of inoculated 
control cup medium 

Medium X 21.0 10.0 

Beef extract 12.0 10.0 

Growth index of medium X = 21/10 = 2.10. 

Growth index of beef-extract medium — 12/10 = 1.20. 

Growth index as recorded in final column of the table then was: 2.10/1.20 
= 1.75. 
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^ A comparison of these values with micro-Kjeldahl dcterniiaa- 
tions of bacterial nitrogen showed the following correlation; 


Gr&iPih 

Mom. bacterial 
nitrogen per 
100 ec, of 

index 

cullure 

2.4 

73.4 

2.0 

G6.0 

1.7 

54.2 

1.5 

33.4 


These indexes are believed to be a fairlj’’ accurate representation 
of the growth-promoting or inhibiting ability of the substances 
under investigation. 


TABLE 1 


The effect of different concentrations of unfractionated casein hydrolysate on the 
growth of Streptococcus rhcumaticus 


PIQEST PER 

100 CC. MEDIA 

COKC, DEEP 
EXTRACT 

FIRST 

CDETURE 

BECO^fD 

CULTURE 

TUIRD 

CULTURE 

OnORTlI 

IMPEX 

ce. 

None , 

per cent 

0.3 

i 

+• 

+ 

+ 

LOO 

2.5 

0.3 

+ + 

++ 


1.37 

5.0 

0.3 

++ 


+ 

1.22 

7.5 

0.3 

++ 

++ 

++ 

1.70 

10. 0 

0.3 

++ 

++ 

++ 

1.79 

15.0 

0.3 


++ 

++ 

1.53 

20.0 

0.3 

++ 


++ 

1.71 

25.0 

0.3 

+++ 

+++ 

++ 

1.41 


* — = no growth, + = trace of growth, ++ = poor growth, +++ ^ Row' 


growth. 


THE GROWTH-PEOMOTING ABILITY OF CASEIN HYDR0LYS.\TES 

In order to determine the influence of casein hydrolysates on the 
gron-th of Slrepiococciis rheiimaticiis, media were prepared con- 
taining concentrations of this hydrolysate up to 25 cc. per 100 cc. 
of basal medium. The inoculation and subculture procedure 
used in this and the remaining experiments in this paper was a« 
follows: The media were inoculated from a 4S-hour infusion apar 
culture of the test organism. After 48 hours incubation at 37’, 
subcultures were made into the respective media used. A third 
subculture was made at the end of another 48 hours incubation 
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from the second culture. All three cultures were examined for 
growth by visual estimation of turbidity after 48 hours incuba- 
tion, and the third culture was also examined by means of the 
photoelectric colorimeter. The results are shown in table 1. 

Table 1 shows that there is a marked stimulation in the growth 
of Streptococcus rheumaticus when reasonably small amounts of 
casein hydrolysates are added to the basal medium. While the 
best growth occurred in basal media containing 7.5 and 10.0 per 
cent of the hydrolysate, the values on either side of these two 
percentages are not great. Other hydrolysate preparations 
showed a higher growth index when 5.0 per cent was employed 
and for other studies in this paper it was decided arbitrarily to use 
the five cubic centimeter portion of the whole hydrolysate per 
hundred cubic centimeters of basal medimn. 

THE GROWTH-PROMOTING PROPERTIES OP THE THREE FRACTIONS 
OF THE CASEIN ACID HYDROLYSATE 

In order to determine the influence of the individual fractions 
prepared by butyl-alcohol extraction on the growth of this 
streptococcus, 0.3 per cent beef-extract water media were pre- 
pared, supplemented with the individual fractions, alone and in 
combination with each other. The results are shown in table 2. 

Table 2 shows the influence of the three fractions of the casein 
acid digest on the growth of Streptococcus rheumaticus. From 
the data presented it is evident that the greatest growth stimula- 
tion occurrs when fraction C is used either alone or in combination 
with fraction A. Fraction A alone stimulates growth of this 
streptococcus but slightly, while fraction B either alone or in 
combination with either or both of the other fractions inhibits 
growth. While the use of fractions A and C gives almost as 
much growth as the same per cent of the unfractionated hydrol- 
ysate, the use of all three fractions gives but a very slight growth 
stimulation. The inhibitory substances present in the B fraction 
may account for the difference. 

Since the C fraction, containing diamino and dicarboxyhc 
amino acids, was the portion of the hydrolysate showing the 
greatest growth stimulation, it was decided to determine the 
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influence of the concentration of this fraction on the growth of this 
streptococcus. Table 3 shows the results of inoculating media 
prepared with increasing amounts of fraction C.® 

TABLE 2 


The efccl of the various hydrolysate fractions on the grou'th of 
Streptococcus rheumaticus 


COKC. FRAC- 
TION A 

CONC. FRAC- 
TION B 

CONC. FRAC- 
TION C 

FIRST 

etJD- 

CULTURE 

fircoNo 

BUD- 

CULTURE 

THIRD 

BUR- 

CULTURE 

FOURTH 

Bun- 

CULTUnC 

GROWTH 

INPtX 

ccJiOOcc, 

IX. 1100 cc. 

ec.ltOQ cc. 






None 



— 

+ 

-f 

+ 

1.00 

5.0 



=b 

+ 

+ 

4* 

1.23 


5.0 


— 


— 

— 

mSm 



5.0 

+ + 

++ 

+ 

++ 

tsm 

5.0 

5.0 


— 

— 

— 

— 

1.00 

5.0 


5.0 

++ 

++ 

++ 

+++ 

1.83 


5.0 

5.0 

— 

_ 

— 

— 

1.01 

5.0 

5.0 

5.0 

— 

— 

— 

— 

1.05 

5.0* 




+4" 

+++ 

++ + 

1.S5 


* cc. of the unfractionated hydrolysate. 


TABLE 3 


The effect of different concentrations of fraction C on the growth of the 

test organism 


CC. or FRACTION 
C PER 100 CC. 
OF MEDIUM 

BEEF EXTR.ICT 

FIRST SUB- 
CULTURE 

SECOND BUn- 
CULTURE 

THIRD BUR- 
CULTURE 

OnORTlI INDEX 

None 

percent 

0.3 


+ 


1.00 

3.0 

0.3 

4* 

+ 

+ 

Lost 

5.0 

0.3 

+ 

+ 

4" 

1.23 

10.0 

0.3 

+ 

+ 

++ 

1.20 

15.0 

0.3 

+ 

+ 

++ 

1.21 

20.0 

0.3 

+ 

+ 


1.52 

30.0 

0.3 

+ 

+ 


1 3S 


The data in table 3 show that under the conditions of this 
study 20 cc. of digest per 100 cc. of medium giyc.s the grc.atc.-t 
amount of growth. Since we were not interested in the maximum 

‘ .4s a check to see whether concentration of Fraction A v.-ould adert it- prowth 
promoting powers, a series similar to this C series was prepared with tLe . 
fraction. The results showed little, if any, stimulation of growth with tf- 
fraction. 
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cell growth but rather in a plentiful supply of the growth factors 
under consideration 5.0 per cent of the C fraction was used in 
subsequent studies. 

GROWTH-INHIBITORY PROPERTIES OP THE B PRACTION 

Previous experiments showed that the B fraction inhibits the, 
growth of the test organism. This property was present in most, 
but not all, of the digests prepared and studied. As it was never 
present in the hydrolysate before butyl-alcohol extraction, it 
must have arisen as the result of the fractionating process or the 
subsequent purification of the fraction from the butyl alcohol. 


TABLE 4 

The effect of various concentrations of fraction B on the growth 
of Streptococcus rhcumaticus 


COKC. OF B 
FRACTXON 

1 

CONC. A AND 1 
CrBACTioNa 1 

BEEF 

EXTBACr 

FIRST ' 

SUB- 

CUUTUBB i 

SECOND 

BDB- 

CUI/rUBE 

THIRD 

BUB- 

cuiyruBB 

FOURTH 

SUB- 

CULTURE 

1 

GROWTH 

INDEX 

None 

ee.HOO cc. 

5.0 

per cent 

0.3 

j 

+-!■ 

++ 

++ 

++ 

1.00 

0.25 

6.0 

0.3 

+ ' 

++ 


•4- 

0.89 

0.50 

5.0 

0.3 

+ 

++ 


+ 

0.89 

1.00 

5.0 

0.3 

— 

— 

=b 

± 

0.92 

2.00 

5.0 

0.3 

— 

— 


; — 

0.46 

3.00 

5.0 

0.3 


— 

+ 

j — 

0.50 


In studying the infiuence of the B fraction on the growth of this 
streptococcus, various percentages of this fraction were added to 
a basal medium consisting of the usual 0.3 per cent beef extract 
water containing 5 per cent each of fractions A and C. The 
results are shown in table 4. 

Table 4 shows how an increasing concentration of fraction B of 
a casein acid digest shows an increasing inhibition of the growth 
•of this streptococcus. Commercial preparations of proline and 
hydroxy-proline, when employed separately, or together with the 
basal medium, showed that these amino acids were not inhibitory 
to the growth of this organism. Since these substances are not 
responsible for the inhibition noted with the B fraction, it is 
probable that some substances are set free or formed during the 
fractionating or purification process. 
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THE EFFECT OF AMINO ACIDS ON GEOWTH OF 

Streptococcus rheumaticus 

A Dumber of amino acids were added to the basal medium, 
separately, to determine their influence on the growth of this 

TABLE 5 

The influence of various amino acids on the growth of Streptococcus rheumaticus 
Amno A-Cnj added | gbowts ctdex 

Basal medium alone 

A. Aliphatic, monoamino, monocarboxylic acids: 

Glycine 

Alanine 

Alpha-amino isobutyric acid 

Valine 

Norleucine 

Leucine 

Isoleucine 

Serine 

Alpha-amino hydroxy normal butyric acid. . 

Cysteine 

Methionine 

B. Diamino, monocarboxylic acids: 

Arginine 

Lysine 

C. Alonoamino dicarboxylic acids: 

Glutamic acid 

Aspartic acid 

Asparagine* 

D. Aromatic amino acids: 

Phenyl alanine 

Tyrosine 

E. Heterocyclic amino acids: 

Tryptophane 

Histidine 

* Aspartic acid amide. 

organism. In view of the fact that fraction C of the hydrol- 
3’'sate induced the best growth of this streptococcus, the anuno 
acids wMch are known to be in this fraction, arginine, lysine, 
histidine, aspartic acid, glutamic acid and trjiitophane were 
studied. In addition, certain monoamino, monocarboxj'lic acids 
including the sulfur-bearing acids cysteine and methionine were 


1.00 

0.86 

1.20 

0.90 

1.17 

0.91 

0.90 

0.88 

1.01 

0.91 

1.07 

1.09 

1.54 

1.07 

1.20 

0.90 

1.11 

1.07 

1.00 

0.83 

1.24 


METABOLISM OF NON-HBMOLYTIC STEEPTOCOCCUS 577 


added. Other substances believed by certain investigators to be 
important in the nutrition of animals were also included. While 
different concentrations of amino acids were studied the data 
presented in the table below are only for media containing the 
equivalent of 2 mgm. of amino acids per 10 cc. of culture media.® 

An examination of table 5 shows that many of the amino acids 
studied when added to the basal medium favored the growth of 
Streptococms rheumaiicus. The greatest stimulation is apparent 
with the dibasic amino acid arginine which is present in the C 
fraction of the hydrolysate. Other amino acids of this fraction 
such as histidine, lysine and glutamic acid also stimulated the 
growth of this organism whereas aspartic acid and tryptophane 
appeared to be inhibitory. 

In the monoamino, monocarboxyhc group of acids, alanine, 
valine and to a lesser extent methionine and cysteine, were the 
only substances which stimulated the growth of this strepto- 
coccus. The remaining acids in this group including the leucine 
isomers, glycine and alpha-amino beta hj’^droxy N. butyric acid 
were apparently inhibitory. 

Studies with combinations of amino acids showed httle, if any, 
differences from the effect of adding amino acids separately. 

DISCUSSION 

In this study, dealing with the nitrogen metabolism of a non- 
hemolytic streptococcus, it is necessary to remember that the 
results are conditioned to a certain extent by the basal medium 
employed. The scant data available indicate in meat extract 
the presence of certain nitrogenous constituents including cystine. 
More recently Hughes (1932) and Knight (1935) found that beef 
extract contains a “growth factor” said to belong to the order of 
“natural bases.” Knight (1937) showed that this growth factor 
could be completely replaced by synthetic preparations of 
nicotinic acid amide and vitamin B_i (aneurin). Therefore, the 
results which may be observed, when one amino acid is added to a 
basal medium of this nature, must be interpreted with caution. 

® The concentration of 2 mgm. per 10 cc. of medium was selected because less 
than this amount failed to stimulate growth and more than this gave less clear- 
cut results. 
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This study showing that arginine and histidine, diamino acids, 
and glutamic acid, a dicarboxylic acid, and in addition alanine 
and valine of the monoamino group, stimulated the growth of 
Streptococcus rheumaticus shows a close similarity to the pre- 
viously reported results of Maver (1930), Fildes and Richardson 
(1935), Fildes (1935), Mueller (1935) and Sahyun et al. (1936) 
on the amino acid requirements of other organisms. 

The inhibitory effect of tryptophane on the growth of this 
streptococcus is interesting in view of the ability of other bacteria 
to synthesize and use this amino acid, Fildes, Gladstone and 
Knight (1933), Sahyun et al. (1936). 

It is hoped that studies now in progress using the chemically 
known growth factors present in beef extract in place of the com- 
plex extract itself will give further information regarding the 
nutrition of these streptococci. 

SUMMARY 

1. Employing a photoelectric colorimeter as a means of esti- 
mating the turbidity produced by the growth of Streptococcus 
rheumaticus, it was found that the monoamino, monocarboxylic 
acid fraction of a casein acid hydrolysate does not support 
growth; and that the proline fraction inhibits growth; while the 
butyl-alcohol insoluble fraction and the unfractionated hydrol- 
ysate stimulates growth. 

2. The inhibitory action of the proline fraction, even in low 
concentrations, was shown to affect the growth of this strepto- 
coccus. Such inhibition was not caused by the amino acids, 
proline or hydrox 3 q)roline. 

3. A study of the amino acids known to be present in the butyl- 
alcohol insoluble fraction showed that arginine, histidine, and 
glutamic acid, in the order named, stimulated the growth of this 
organism. Lysine and aspartic acid had little appreciable effect 
and tryptophane an inhibitory effect on its growth. 

4. A few monoamino, monocarboxylic amino acids were 
studied. Alanine, valine, and to a lesser extent cysteine and 
methionine, stimulated the growth of this organism. 
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The Antibacterial Effects of the 
Organic Mercurial Compounds. 
With special reference to their use as 
germicides for the sterilization of 
surgical and dental instruments. 
John H. Brewer, Hynson, Westcott 
& Dunning, Inc., Baltimore. 

An improved centrifuge technique 
was described which was developed to 
determine whether the mercurials 
under optimal conditions are capable of 
destroying spores of anaerobes. The 
outstanding features of this technique 
are as follows: a sealed tube is used in 
which the organisms are e.':posed to the 
chemical agent for twenty-four hours, 
during which time the mercurial spore 
mixture is agitated constantly to pre- 
vent evaporation “rings” and to insure 
complete wetting of the entire inner 
surface of the tube. Settling or layer- 
ing of the organisms is also prevented. 
Animal inoculation as well as cul- 
tural tests are used to determine the 
efficiency of the various mercurials 
with this technique. 

It is to be concluded from the results 
of the tests described that none of the 
mercurials examined can be depended 
upon to sterilize instruments, when 
spore-forming organisms are present. 
In the case of Clostridius ietani none 
of the mercurials rendered these spores 
non-infectious after twenty-four hours’ 
contact. The spores were still capable 
of infecting the mice and producing 


tetanus. The spores of the “clos- 
tridium septique” and Bacillus anthra- 
cis, however, could be rendered non-in- 
fectious in certain instances. That is, 
although it was possible to recover 
these organisms in cultural experi- 
ments, they did not produce an infec- 
tion when injected into animals. 

Routine Testing of Disinfectants 

AND THE Scientific Attitude. C. 

M, Brewer, Food and Drug Ad- 
ministration, D. C. 

In routine biological tests, even 
those with as simple a technique as 
ordinary disinfectant and antiseptic 
methods, non-uniform and unexplained 
results are frequently encountered. 
Officials in the Food and Drug Ad- 
ministration have an unusual oppor- 
tunity of observing the Targe number of 
workers experiencing difficulty in ob- 
taining satisfactory results. It is 
impossible in the description of routine 
methods to point out the serious 
influences which minor and apparently 
innocuous deviations from prescribed 
technique may have. When tech- 
nicians are entrusted with the respon- 
sibility of performing routine biological 
tests, they should be under the super- 
vision of scientifically-minded and 
broadly trained persons: Examples 
were cited. 

Too complete filtration of the sub- 
culture media, in one instance, pre- 
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vented proliferation of small numbers of 
test-organism; and illustrated the 
importance of recognizing the types of 
death-curves obtained in disinfecting 
testing as well as the phenomenon of 
allelocatalysis. In another case, the 
resistance of the test-organism was 
affected bj’- reducing the diameter of 
the culture tubes by 5 mm., which 
reduced the resistance of the organism. 
This brought out the importance of 
the Burface-area-volume ratio and the 
necessity of a proper accessibility of 
oxygen for obtaining resistance of 
the test-culture. 

A recently proposed standard of 
technique for sporicidal methods to 
be used for evaluating chemical steri- 
lizers of surgical instruments was cited 
as a flagrant example of unscientific 
methods. 

Historical Approach to the Study 

OF Antibacterial Action. Justina 

Hill, Johns Hopkins Hospital. 

Man’s empirical use of antibacterial 
agents far preceded his knowledge of 
micro-organisms. This is exemplified 
by primitive methods of preserving 
food, by Egyptian mummification, by 
the Hindu use of copper vessels for 
water and by some of the surgical tech- 
niques of the Hippocratic corpus. 
Even from the strange decoctions of 
herbal medicine true antiseptics may 
be recovered. We now use alcohol 
where the ancients used wine, and 
acetic acid where they used vinegar, 
but the active principles were early 
recognized. Clinically, establishment 


of the fact that gunpowder itself was 
not poisonous and Par6’s accidental dis- 
covery that wounds did not have to be 
treated with boiling oil opened the long 
road towards a more rational therapy 
against local infection. The modern 
era of testing antibacterial drugs began 
with Sir John Pringle when in 1750 he 
presented the Royal Society his method 
for evaluating antiseptics. This in- 
cluded the use of a relatively standard 
medium, controlled temperature con- 
ditions and the establishment of a unit 
for comparison, sea salt. Within the 
bacteriological era it must not be for- 
gotten that Lister was an experimental 
bacteriologist, constantly studying 
antiseptic substances in tests "con- 
ducted in the early morning hours while 
most men slept in bed.” In this 
country we are proud to remember the 
work of Sternberg, which he started 
between Indian fights at Walla Walla 
in 1878. From Koch’s 1881 paper to 
the present phenol coefficient tests pro- 
gress has been direct. We now need in 
part (1) an accurate method for testing 
the bacteriocidal action of highly 
bacteriostatic drugs, such as the merc- 
urials (2) a standard bacteriostatic 
method comparable in inoculum and in 
as many ways as possible with the 
bacteriocidal test, in order that bac- 
teriocidal-bacteriostatic ratios may bo 
determined, (3) more agreement in re- 
gard to amount of protein to be used, 
possibly whole blood for drugs intended 
for clinical use and (4) standard meth- 
ods for testing the action of drugs in 
wounds and on the skin. 
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The efficacy of germicides as chemotherapeutic agents is deter- 
mined by a variety of factors, among which the relation between 
toxicity of a compound for the tissues of the host and for the 
parasite respectively is of greatest importance. In order to be 
useful, the disinfectant should possess the highest possible germ- 
icidal efficiency, and the least possible toxicity for animal cells. 
The ratio between these two properties constitutes a presumptive 
measure of its efficacy. It is of obvious importance to possess 
experimental methods for the measurement of this ratio, to serve 
as a guide to clinical investigation, which alone can establish 
the actual therapeutic value of germicidal agents. 

The bactericidal efficiency of a disinfectant is usually deter- 
mined by one of several procedures, which consist essentially in 
finding the concentration of the substance in question which will 
sterilize a suspension of bacteria in a definite period of time under 
carefully controlled conditions of exposure. The result is often 
expressed in terms of the ratio between the effective concentration 
of the disinfectant under investigation and that of phenol or 
mercuric chloride. The coefficient obtained by this procedure is 
sometimes supplemented by the result of a similar test carried 
out in the presence of added organic matter. As commonly 
determined, the phenol coefficient serves as a convenient if some- 
what arbitrary measure of the capacity of a disinfectant to de- 
stroy the bacteria present in non-living substrata. 

'Aided by a grant from the Blue Line Chemical Company of St. Louis, 
Missouri. 


583 



584 J. BRONFENBEENNEE, A. D. HBESHEY AND J. DOtJBBY 


In order to determine the toxicity of disinfectants, the common 
practice consists in finding the minimal lethal dose for a given 
experimental animal following subcutaneous, intraperitoneal or 
intravenous injection. The results of these tests may then be 
combined into a single value (toxicity index), expressed as the 
ratio of the minimal concentration effective against bacteria to 
the M.L.D, for animals. In this procedure the assumption is 
made that compounds giving favorable results in the treatment 
of infectious diseases will be found among disinfectants exhibiting 
low indices of toxicity. 

It is evident that the search for compounds possessing selective 
action of this kind will be promoted by the availability of simple 
and rapid methods of evaluation. Toxicity measurements re- 
quu’ing the observation of animals is cumbersome, time-consum- 
ing, and inherently difficult of control. The measurement of 
phenol coefficients is also subject to variations inherent in the 
methods. Sufficient evidence of this is seen in the fact that the 
copious literature on disinfectants contains many conflicting 
data. To escape some of these difficulties, the measurement of 
toxicity by the use of tissue cells in culture has been suggested 
by Lambert (1916), Lambert and Meyer (1926), and used by 
German (1928), Birkhaug (1930), and Buchsbaum and Bloom 
(1931). Recently Salle, McOmie and Schechmeister (1937- 
1938) have proposed a systematic method based on toxicity meas- 
urements of this kind. Their procedure is, however, laborious, 
and retains the limitations of the standard germicidal test. It 
occurred to us that simple and relatively rapid evaluation of 
toxic effects upon tissues might be secured by observing the effect 
of disinfectants on the consumption of oxygen by tissue cells. 
Such a procedure promised the advantages of other in vitro 
methods in permitting the application of the same criteria to 
the measurement both of toxicity and of germicidal action, and 
in employing similar experimental conditions meanwhile. It 
was found, as anticipated, that tests on animal cells and on 
bacteria yielded reproducible results relatively independent of 
the min or variations in technique which affect the outcome of 
the conventional qualitative tests so greatly (Bronfenbrenner, 
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Hershey and Doubly, 1938). It remained, however, to estabUsh 
the relationship between the effect of disinfectants on respiratory 
activity, and on viability. Comparative studies directed to this 
end are reported in the present paper. 

EXPERIMENTAL 

The methods followed in comparing the effect of disinfectants 
on the oxygen consumption of mouse liver, and of Escherichia coli 
respectively, have already been described in brief (Bronfenbren- 
ner, Hershey and Doubly, 1938). They consisted essentially in 
determining the concentration of disinfectant in the test fluid 
necessary to cause 50 per cent reduction in the rate of oxygen 
uptake, measured between the 15th and 20th minutes after the 
beginning of the experiment in either case. The same procedure 
has now been applied to Staphylococcus aureus. These tests 
have been carried out with a few representative antiseptics, and 
the results have been compared with those given by the usual 
methods for the measurement of toxicity and germicidal values. 

The manometric measurement of toxicity 

One gram of fresh mouse liver was triturated in a mortar with 
20 ml. of 0.85 per cent saline. Into each vessel of the respi- 
rometer were placed 2 ml. of the resulting liver cell suspension, 
1 ml. m/10 phosphate buffer of pH 7.4, 1 ml. 5 per cent sodium 
succinate and, in the side arm, 1 ml. of aqueous solution of the 
disinfectant in five times the concentration to be tested. The 
vessels were attached to Barcroft differential manometers, and 
allowed to remain 20 minutes in the water bath at 37 ±0.001 °C. 
At the end of this time the disinfectant was tipped into the cell 
suspension, and the rate of oxygen consumption for successive 
five-minute intervals was recorded during thirty to forty minutes. 
An example of the type of data obtained has been illustrated in 
figure 1. The difference between the rate of oxygen uptake ob- 
served during the 15th to the 20th minute after addition of the 
disinfectant, and that of the corresponding rate for the control 
(water substituted for disinfectant) was expressed as a per cent 
of the latter. These values were plotted against the respective 
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concentrations of the disinfectant tested, and from the curve 
obtained (see fig. 2), the concentration corresponding to 50 per 
cent inhibition could be interpolated. This arbitrary end-point 
has been chosen for comparative purposes only, largely because 
the accuracy and reproducibility of the measurements are great- 
est in this region, as inspection of the curves reveals. 



0 «005 «010 «015 *020 *025 *050 *055 *040 

percent coneentrAtion 

— 0-- Pate of (ordinate) plotted a^alcat tlac of oxpofure to dltinteettnt* 

Percent ichlbltlcn of 02*upta1ce plotted against ooBcentratloii of dlilnfectant# 

Fig. 1 

The manometric measurement of antiseptic action 

To facilitate measurement, the number of bacteria employed 
in the test was adjusted to give a rate of oxygen consumption 
closely approximating that obtained with the tissue cells. This 
required approximately 3 X 10« organisms in the case of E. coli 
in glucose buffer. This quantity of bacteria corresponds to 
0.09 mgm. of bacterial nitrogen as compared with 3.2 mgm. in 
0.1 gram of liver cells. In order to approximate the conditions 
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in the two tests, the difference in amount of organic matter 
present was roughly made up by addition to the bacterial sus- 





Fig. 2. Effect of Antiseptics on the Oxygen Uptake of E. coli, Staph. 
AHHEHS, AND MOHSB LivER CeLLS 
inhibition of 02-uptake (ordinates) is plotted against the dilution 
of the disinfectants (abscissae). 

pension in the respirometer of 0.2 ml. of horse serum (2.2 mgm. 
nitrogen) .2 The test mixture in each vessel contained approxi- 

^ It is, of course, desirable to carry out these tests in the presence of additional 
organic matter, also in order to approach more nearly the in vivo conditions. 
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mately 3 X lO^ viable organisms obtained from the centrifugate 
of 24-hour-broth cultures and suspended in 1.8 ml, of saline, to- 
gether with 0.2 ml. of horse serum, 1 ml. m/10 phosphate buffer 
of pH 7.4, and 1 ml. of 10 per cent glucose. The test was con- 
ducted, and the results were expressed exactly as described above 
for the liver cells. The experiments with Staphylococus aureus 
followed the same procedure, but it was found desirable to sus- 
pend the organisms in supernatant from the broth cultures, rather 
than in saline, in order to obtain a constant rate of oxygen uptake 
in the control flask. 

Direct measurement of hactericidal value 

In order to judge the efficiency of the manometric method, 
parallel bactericidal tests were conducted by the method of the 
F. D. A. (Ruehle and Brewer, 1931) described by Reddish (1927), 
except that E. coli was used as the test organism. To make the 
comparison more exact, we have carried out at the same time 
modified tests in which the numbers of bacteria, time of exposure, 
and composition of the medium were so adjusted as to duplicate 
the conditions obtaining in the manometric tests. In addition, 
similar tests were performed in which each of these factors was 
varied independently. Only the more pertinent of these data 
wiU be presented at this time.* 

The measurement of bacteriostatic action 

Anticipating that not only the numbers of bacteria actually 
destroyed, but also the bacteriostatic effect of lower concentra- 
tions of the disinfectants tested might influence the rate of 
oxygen uptake, we included bacteriostatic tests for comparative 
purposes. 

Various dilutions of each of the disinfectants were made in 

5 The strain of E. coli used here was killed at 37°C. under the standard condi- 
tions (Reddish, 1927) by 1-120 dilution of phenol, and gave the following phenol 
coefficients: mercuric chloride 458, merconyl 333, metaphen 227, mcrthiolatc CS, 
iodine (tincture TJ.S.P.) 62, hexj-l resorcinol 45. The strain of <?. ourci/s used 
(freshly isolated from human lesion) was killed under these conditions by l-9o 
dilution of phenol, and gave with the same disinfectants the following coeffi- 
cients: 79, 87, 66, 52, 66, 79. 
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brotli, and 10 ml. of each dilution were seeded with a 4-inm. 
loop from a 1-10 dilution of a 24-hour broth culture of E. coli 
and S. aureus respectively. The highest dilution in which growth 
was inhibited during 48 hours incubation at 37°C. was taken as 
the bacteriostatic titre. 

The measurement of toxicity in vivo 

In order to correlate the results of the manometric tests on 
hver cells with toxicity to the living animal, the minimal lethal 
dose of each disinfectant was determined by injecting intraperi- 
toneally 1 ml. amounts of various dilutions into mice weighing 
22 to 26 grams. The minimal dose in grams per kilo regularly 
killing the animals within 48 hours was taken to be the m.l.d. 

DISCUSSION OP RESULTS 

The effect of the disinfectants on oxygen uptake of both liver 
cells and bacteria was manifested with surprising abruptness, 
as compared with the rate of death, for example, of the bacteria. 
No marked difference in kinetics of this effect was seen with the 
three types of cells, or with the various concentrations of the 
several disinfectants used, except that the action of the mercurial 
compounds was slower in general than that of the other disin- 
fectants tested. The data given in figure 1 are, therefore, il- 
lustrative of the effects seen throughout. There, it is shown that 
the most marked depression in the rate of respiration occurred 
almost instantaneously, so that beyond the first 6 or 10 minutes 
the per cent of inhibition as compared with the control remains 
almost unchanged throughout the period of observation. This 
is true irrespective of the initial concentration of disinfectants 
and of the extent of the initial drop. In other words, the per 
cent of inhibition of oxygen-uptake observed at any time after 
the first few minutes is clearly a function of the concentration of 
disinfectant (see fig. 1), but not of the duration of exposure. 
Why the disinfectant present in any one concentration should 
thus apparently cease to act soon after contact with the cells, 
while (theTlatter remain exquisitely sensitive to increased con- 
centrations of the disinfectant, is not clear. This circumstance 
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was, however, favorable to our purpose, since it virtually elim- 
inated the time factor as one of the variables affecting the in- 
terpretation of results. 

Of more immediate interest regarding the quantitative effect 
of the dismfectants on the respiration of bacteria, was to es- 
tablish some correlation between bacteriostatic and bactericidal 
action on the one hand, and inhibition of oxygen-use on the other. 
Table 1 contains the significant data bearing on these relation- 
ships. Here the percentages of respiratory inhibition given in 
20 minutes by the bacteriostatic and bactericidal dilutions, 

TABLE 1 


Per cent inhibition of Oi-uptake of E. coli and S. aureus given bp bactcrioslalic and 
bactericidal dilutions of several disinfectants 




E. COLI 



AUREUS 


AKT18EPTIC 

Bacteri- 

cidal 

dilution 

Inhibi- 

tion 

Bacterio- 

static 

dilution 

Inhibi- 

tion 

Bacteri- 

cidal 

dilution 

Inhibi- 

tion 

Bacterio- 

static 

dilution 

Inhibi- 

tion 

Mercuric chloride. . . 

■! 

per cent 

91 


m 


per cent 

95 

250,000 


Merconyl 

^nSS 

IB 

^jnlS 


mBhi] 

95 


^9 

Merthiolate 

IQCSS 


^uiS 


5,000 

84 


10 

Metaphen 




»!■ 

KMUII 

92 

ogllQl 

10 

Hexyl resorcinol .... 

HaBi! 

>77 

■HWlil 

15 

1 

>77 

lEIQi 

5 

Phenol 

150 


400 


UlnS 


600 

15 

Iodine, tincture 


82 1 



800j 

90 




respectively, of the several disinfectants tested against E. call 
and S. aureus are compared. 

It may be seen that the maximal bacteriostatic dilutions of 
these substances usually depress the oxygen uptake by about 
10 per cent, while effective germicidal dilutions do so in every 
case in excess of 80 per cent. The irregularity of the former 
values is probably due to the fact that bacteriostatic titres vere 
necessarily obtained under conditions widely divergent with 
respect to numbers of bacteria, and the composition of the med- 
ium, from those employed in the manometric test. These factors 
would, of course, affect very largely the outcome of the bacteri- 
ostatic titration. The results with the dilutions exhibiting 
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bactericidal effects, which could be determined under conditions 
identical for the two tests, fall within a surprisingly narrow range. 
From this we conclude that in general the inhibition of oxygen 
uptake may be taken as a reasonably quantitative measure of 
germicidal action. The limitations of the method are shown in 
the extreme cases of iodine and metaphen tested against E. coli. 
The bactericidal dilution of the former inhibited the oxygen up- 
take of this organism by only 82 per cent, while that of metaphen 
completely suppressed oxygen uptake. It would appear that 
different disinfectants, perhaps affecting different vital mechan- 
isms of the cell, may leave varying portions of the oxidative func- 
tions active after the organism is killed. In most cases, this 
residual oxygen uptake amounts to approximately 10 per cent 
of the original activity. 

These findings suggest that in interpreting results of mano- 
metric tests in terms of germicidal action, better agreement might 
be obtained if ±90 rather than 50 per cent inhibition of respira- 
tion were adopted as the end point. Dilutions interpolated from 
the graphs (fig. 2) for both of these end points are shown in 
tables 2 and 3, those corresponding with 90 per cent inhibition 
manifestly falhng closer to germicidal dilutions than those cor- 
responding with 60 per cent inhibition. The latter values have 
been retained, however, since they can be determined more 
accurately, and since, as the tables show, phenol coefficients 
calculated from the respective values do not indicate any super- 
iority of the one over the other for comparative purposes. 

In general, both the dilutions giving 50 per cent inhibition of 
oxygen-use of bacteria and the relative efficiency calculated from 
these, fall between corresponding values obtained in the bac- 
teriostatic and germicidal tests, respectively. Exceptions appear 
only in the case of mercuric chloride and merconyl, these com- 
pounds inhibiting respiration of staphylococci in higher dilutions 
than could be predicted from the bacteriostatic titrations. These 
discrepancies are again referable perhaps to the fact that the 
titration of growth-inhibiting activity was carried out in pep- 
tone-containing medium, which notoriously interferes with the 
action of these compounds in particular. 
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The effective dilutions, and corresponding phenol coefficients, 
obtained in the manometric test using 90 per cent inhibition of 
oxygen-use as the end point, are in good agreement with the values 
determined under similar conditions by actual titration of bac- 
tericidal action. Notable exceptions occur in the test with E. coli 
only in the case of metaphen, the manometric coefficient being 
about three times higher. With S. aureus, three of the four mer- 
curials tested showed this peculiarity. Reviewing the evidence 
of tables 2 and 3, the conclusion seems warranted that the mano- 


TABLE 4 

Relative toxicity for mouse, mouse liver and chick heart 


AKTISEPTIC 

MOUSE 

MOUSE LIVER (MANOMETRIC METHOD) 

CHICK HEART 

(tissue cul- 
ture) 

M.L.D. on in- 
traperitoneal 
injection 

50 per cent 
inhibition of Oi - 
uptake 

60 per cent 
inhibition of 0»- 
uptake 

Data of Salle* 

Grains 

per 

kilo 

Rela- 

tive 

toxic- 

ity 

Dilution 

Rela- 

tive 

toxic- 

ity 

Dilution 

Rela- 

tive 

toxic- 

ity 

Dilu- 

tion 

Rela- 

tive 

toxic- 

ity 

Mercuric chloride 

0.0074 

43.2 

26,500 

62.3 

14,000 

93.3 



Merconyl 

0.0106 

30.2 

26,000 

61.2 

13,000 

86.7 



Merthiolate 

0.0435 

7.3 

18,000 

42.3 

2,400 

16.0 


18.8 

Metaphen 

0.0100 

32.0 

23,000 

54.1 

5,600 

37.3 

2,070 

9.2 

Hexyl resorcinol 

0.0252 

12.7 

13,000 

30.6 

5,400 

36.0 

1,450 

6.5 

Phenol 

0.3200 

1.0 

425 

1.0 

150 

1.0 

224 

1.0 

Iodine, U.S.P. tine- 









ture 

0.0512 

6.2 

6,250 

14.7 

750 

5.0 

650 

2.9 


* Proc. Soc. E. B. M., 1938, 37, 694. 


metric phenol coefficient is an authentic index of the. germicidal 
value of disinfectants, especially when it is not essential to dis- 
tinguish between bacteriostatic and bactericidal action. 

The same general conclusion may be drawn from table 4, giving 
results of toxicity tests conducted by the two methods. Specifi- 
cally, the relative toxicity of the series for the surviving mouse 
liver parallels that found by in vivo test, the greatest discrepancies 
being encountered again in the case of the more bacteriostatic 
compounds. The reservation must be made, however, that in- 
traperitoneal injection into the mouse does not give an absolute 
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measure of toxicity, the relative values obtained diflfering from 
those given when injection by another route is practiced, or when 
another experimental animal is used. Closer agreement between 
the manometric and in vivo tests could not, therefore, be antici- 
pated. The results given in the protocol seem to justify the con- 
clusion, as in the case of tests with bacteria, that the manometric 
method yields data possessing an intrinsic significance quite 
comparable with that given by any of the methods at present 
available. It is understood that the use of laboratory methods 
serves, at best, only for purposes of orientation preliminary to 
in vivo tests in experimental and natural infections. New 
compounds showing low indices of toxicity by the manometric 
method should deserve, a priori, especially intensive tests for 
therapeutic efficiency. The data presented, we believe, indicate 
that the simple and rapid method described can be depended on 
for the purpose of preliminary testing. It appears that the 
results obtained yield a measure of the combined effects of the 
disinfectant in destroying cells, and in inhibiting the activities 
of surviving cells. It may be taken as self-evident, that both 
toxicity and therapeutic properties of disinfectants are ultimately 
referable to some combination of lethal and inhibitive effects. 

It is of interest to consider the antiseptic value of the series 
of disinfectants v/e have used. Figure 2 shows certain qualitative 
differences in an interesting way. By inspection of the curves, 
these disinfectants may be divided into two groups, the first in- 
cluding phenol, iodine, and hexyl resorcinol, by wFich liver cells 
are inhibited in much higher dilutions than bacteria; the second 
containing the mercurials of which the reverse is true. This 
difference is evaluated numerically in Table 5, showing toxicity 
indices of the various disinfectants calculated from manometric 
data, as well as from the germicidal and in vivo toxicity tests. 
Included also are indices from the data of Salle, McOmie and 
Schechmeister (1938) obtained by the tissue culture method. 
The standard methods (that is toxicity in vivo, and germicidal 
tests) with E. coli as the test organism, place the disinfectants 
examined in the following order of increasing toxic index: mer- 
conyl, mercuric chloride, merthiolate, iodine, metaphen, hex>’l 
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resorcinol, phenol. The manometric method differs chiefly in 
placing iodine in sixth or seventh place. Salle’s table for Eber- 
thella typhosa, on the other hand, places iodine fixst, and merthio- 
late last. Using the staphylococcus as a test organism, the same 
disinfectants fall in the following series : merthiolate, hexyl resor- 
cinol (?), merconyl, metaphen, iodine, phenol, mercuric chloride. 
The manometric method alters this series by moving mercuric 
chloride from last to third or fourth place, and hexyl resorcinol 


TABLE 5 

Toxicity indices obtained by various methods 


ANTIBBPTIC 

* B COLT 

1 

Q ATTBSnS 

In 

VIVO 

in 

mouse* 

1 Manomctrio 
method 

I (mouse liver)t 

Tissue 

culture 

metb- 

odt 


Manometric 

methodt 

Tissue 

culture 

meth- 

odt 

50 per 
cent 
mhibi- 
tion of 
0:-up- 
take 

90 per 
cent m- ' 
bibitton 
ofO». 1 
uptake 

Chick 
heart 
(Salle) 
(E. ty- 
phosa) 

60 per 1 
cent 1 
inbibi- ! 
tion of 1 
Orup- 
take 

90 per 
cent in- 
hibition 
of Or* 
uptake 

Chick 

heart 

(Salle) 

Mercuric chloride 

M 

0.22 

0.25 


4.5 

0.07 

0.6 

■ 

Merconyl 

ill 

0 22 

0.25 


1.2 

0 07 

0.3 

HI 

Merthiolate 

0.30 

0.16 

0.32 

1.6 

0.46 

0 07 

1.2 


Metaphen 

0 80 

0.27 

0.13 

0.4 

1.2 

0.06 

0.2 


Hexyl resorcinol 

0.80 

1.90 

±5.40 

0 8 

0 8 

1 9 

±5.4 


Phenol 

2.1 

1.00 

0.86 

1.2 

3.1 

1.3 

1.5 


Iodine 

0 65 

2.70 

1.0 

0.2t 

2.1 

2.7 

0.94 



* Calculated by the formula ;; . . , , — r; . 

■' Germicidal Diln. X mld 

Dilution effective against tissue 
Dilution effective against bacteria " 
t = Lugol’s solution. 

from second to last. The method of Salle, as before, placed 
iodine first and merthiolate last. 

The dependence of the result on the species of micro-organism 
used is illustrated in these data. No attempt has been made 
to determine the result of substituting other animal cells for those 
of tlje mouse liver, but the outcome would most probably vary 
with different tissues. The toxicity indices are, therefore, ar- 
bitrary in this sense, as they are in all methods. On the other 
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hand advantage might be taken of the greater flexibility of the 
manometric method in the study of infections of specific tissues. 

The three methods compared in table 4 agree remarkably u-ell 
in evaluation of toxicity. Discrepancies in the relative evalua- 
tion of these compounds are, therefore, primarily due to differ- 
ences in results of the germicidal tests. These are most pro- 
nounced in the results with iodine and merthiolate. The findings 
of Salle and co-workers gave merthiolate a very poor rating, and 
led to the major conclusion that aqueous iodine was superior to 
any of the more complex germicides tested. Since this conclusion 
has a very important significance in connection with the trend of 
research on new disinfectants, particularly the organo-metallic 
compounds, it is of special interest that we have failed to confirm 
these results either by the standard methods or by the mano- 
metric method. It should be noted that Buchsbaum and Bloom 
(1931), using the tissue culture method, found, as we have, that 
iodine was inferior to some of the newer disinfectants. 

SUMMARY 

1. A manometric method for the measurement of germicidal 
and toxic action of disinfectants has been described which per- 
mits these properties to be evaluated in comparable terms. The 
method is simple and economical of time and materials. 

2. Data for tissue toxicity obtained with several disinfectants 
are in satisfactory agreement with values obtained by intraperi- 
toneal injection into the mouse. 

3. Germicidal values against Escherichia coli in the mano- 
metric method compared favorably with the results of standard 
germicidal tests. With Staphylococcus aureus agreement was less 
close, but the divergence seemed to be well within the margin of 
error commonly met in germicidal tests. 

4. The method would appear to be useful for preliminary 
evaluation of new disinfectants as an aid to research on their 
therapeutic value. 
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Raulin (1869) first demonstrated that Aspergillus niger re- 
quires, besides the usual elements, traces of certain other ele- 
ments, notably zinc, iron, silicon and possibly manganese. Al- 
though Raulin's claims have in some instances been refuted 
(Coupin, 1913; Lepierre, 1913; Wehmer, 1893), the investigations 
of Javillier (1907) and Bertrand (1911), and, more recently, 
of Steinberg (1919), Bortels (1927), and Roberg (1928) have con- 
firmed and extended Raulin’s original observations, especially 
with regard to the requirements for zinc and iron. It was found 
that if either of these two elements were removed completely 
from the medium, no growth would occur. Since the physiology 
of the fungus was modified in a unique fashion (Javillier 1912) 
by the presence of zinc, Javillier (1913) attributed to this element 
the r61e of a catalyst. Steinberg (1934) characterized zinc and 
iron as nutrients, as opposed to the stimulant concept of Pfeffer 
(1895). A detailed review of the literature on the heavy metal 
nutrition of fungi will be presented elsewhere (Foster 1939). 

Few reports are found in the literature dealing with the rela- 
tion of heavy metals to the growth of species of Rhizopus, most 
investigators previously having used A. niger. McHargue and 
Calfee (1931) found that the presence of zinc, especially when 
combined with manganese and copper, resulted in increases in 
Rhizopus growth. More recently zinc was found to play a vital 
r61e in the physiology of lactic-acid-producing strains of Rhizopus 
(Lockwood et al., 1936; Waksman and Foster, 1938). Relatively 

* Journal Series Paper, N. J. Agricultural Experiment Station, Department 
of Soil Microbiology. 
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poor growth occurred and large quantities of lactic acid accumu- 
lated in the medium unless zinc was added, when growth be- 
came greatly accelerated accompanied by sharp reduction in 
lactic acid yield. The zinc effect was interpreted (Waksman and 
Foster, 1938) as a catalyzation of the more complete destruc- 
tion of the glucose thus rendering available more energy and car- 
bon for the synthesis of cell substance. 

EXPERIMENTAL 

No special effort was made to free the medium completely of 
traces of heavy metals. The results,® therefore, reflect the effect 
of the added zinc. Two hundred ml. portions of the basal me- 
dium containing Merck’s reagent grade anhydrous glucose, 2.5 
per cent; (NH4)2S04, 0.2 per cent; MgS04-7H20, 0.05 per cent; 
K2HPO4, 0.05 per cent, were distributed into 500 ml. Erlemneyer 
flasks. A strain of Rhizopus nigricans, previously found (Foster 
and Waksman, 1938) to produce fumaric acid from glucose vigor- 
ously and abundantly, was used in these investigations. 

Zinc or other elements'' were added to flasks in quadruplicate, 
which then were sterilized for 1 hour on 2 consecutive days at 
100°C., and inoculated with spores from a zinc-free culture of 
Rhizopus nigricans. After incubation at 28°C. for 3 days, 5 
gram portions of sterile CaCOs were added and the cultures 
shaken several times daily to neutralize the acid formed, care 
being taken not to injure the pellicle. After 7 and 11 days 
growth, the liquid was poured off aseptically and the pellicles 
washed twice with sterile distilled water which then was added 
to the original liquid. The pellicles were saved for later use. 
Glucose was determined by the Bertrand method, NH3— N by 
distillation with MgO, calcium by KMn04 titration, after double 
precipitation as the oxalate; fumaric acid was determined gravi- 
metrically as mercurous fmnarate according to Olander’s (1929) 
modification of Hahn and Haarman’s method. Since the results 
after 7 days are exactly comparable to the older set, only the lat- 
ter are presented in table 1. All data are averages of duplicates. 

Of the 5 elements tested, zinc exerted the greatest effect upon 

= ZnS 04 - 7 H- 0 ; Fe-(SOth; NajMoO*; ]MnS 04 - 4 H. 0 ; CuSO.-SHjO. 
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growth and acid production. Zinc ion, in a concentration of 1.2 
parts per million, profoundly modified energy utilization by this 
organism, growth being decidedly stimulated. The organism 
grew vigorously and formed an abundant aerial mycelium over a 

TABLE 1 

Effect of trace elements upon growth and fumaric-acid production by 
Rhizopus nigricans 


Milligrams per 200 ml. of culture, containing 5,088 mgm. glucose and 
82.8 mgm. NHj — N 


ELEMENT 

QLtJ“ 

COSE 

CON- 

SUMED 

rUMA- 
RIC ACID 
FOUND 

COS- 
VEK- 
81 ON 

Q 

H 

^ p 

LS 

trj o 

TOTAL 

CAL- 

CIUM 

IN 

SOLU- 

TION 

CAL- 
CIUM 
DUE TO 
OR- 
OANIC 
ACIDS 

PER 

CENT OF 
CAL- 

auM 

DUE TO ‘ 
FUMA- 
RIG AaD 

mgm, per liler 



per 

cent 





0 


2,349 


31.0 

760.2 

715.9 

113.2* 

SZn 


452 

8.9 

82.1 

337.8 

220.4 

KB 

ISZn 

5,088 

439 

8.6 

81.0 


216.7 

Ell 

5Fe 

4,593 


44.3 

36.6 


673.7 


ISFe 

4,227 

1,878 

44.4 

25.4 

652.8 

616.5 


6Mo 

4,833 

2,189 

45.3 

34.5 

777.0 

727.7 


15Mo 

4,873 

2,114 

43.4 

36.6 

770.3 

718.0 


5Mn 

4,873 

2,188 

44.9 

35.5 

778.4 

727.6 


15Mn 

4,812 

MtllDl 

41.8 

36.0 


712.6 


2Cu 

4,798 

2,119 

44.2 

36.6 

756.0 


mM 

5Cu 

4,862 

1,643 

33.8 

47.4 


585.6 

96.2 

SZn -h 5Fe 


598 

12.1 

81.5 

360.8 

244.3 

84.5 

SZn + ISFe 

4,863 

597 

12.2 

82.2 


235.0 

77.4 

SZn -1- SFe -b SMo 


561 

11.6 

73.0 


246.6 

71.6 

SZn -b SFe -b 5Mo + SMn 

4,968 

377 

7.6 

82.2 

289.5 


75.6 

SZn + SFe -b 5Mo -b SMn -b SCu 


629 

14.8 

73.0 

372.1 

267.7 

82.3 


* Values greater than 100 per cent are due to fact that the acid was incom- 
pletely neutralized by the CaCOj; later work showed this to be close to 100 per 
cent. 


thick pellicle as contrasted to slow growth, very thin pellicle 
formation and lack of profuse aerial mycelium when zinc was 
deficient. The zinc-containing cultures made about two and 
a half times as much growth as the controls, as measured by nitro- 
gen consumption.^ The slight increase in glucose consumption 

’ The nitrogen content of Rhizopus cell substance was found to be approxi- 
mately 5 per cent. 
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in the former cultures could in no way be compared to stimulation 
of growth. Zinc evoked even a more pronounced effect in the 
cultures which had additional supplementary trace elements 
(Fe, Mn, Mo, Cu). These elements alone had no significant 
effect, but the simultaneous presence of zinc brought about the 
characteristic response. One may thus speak of a “specific effect” 
of zinc on the growth of RMzopus, Out of a large number of 
other so-called trace elements tested, none produced this effect. 

The data on acid production (table 1) suggest the nature of 
this specific effect. In every case, a pronounced dimin ution in 
the actual amount of fumaric acid produced occurred in the zinc 
cultures. Despite the slightly greater utilization of glucose, the 
yields of acid which ordinarily approximated 44 per cent were 
reduced from ^ to | of this value by a trace of zinc. In the 
absence of this element, the organism transformed a large portion 
of the glucose into fumaric acid, whereas in its presence only a 
small fraction of the sugar consumed was left in the form of this 
acid. Zinc enabled the organism to utilize more completely its 
energy source instead of leaving a large part of it tied up in the 
form of fumaric acid. One may thus ascribe to zinc the role of a 
catalyst in the metabolism of Rhizopus. Mere traces seem to 
catalyze a more complete destruction of the glucose molecule and 
consequently its more efficient .utilization as a source of energy 
and of carbon for cell synthesis. Zinc is not a mere accelerator 
of the rate of utilization of the original glucose as proven by 
comparing glucose-carbon disappearing with the carbon syn- 
thesized into cell substance. 


2iiS0i 

GLITCOSB cabbon 

CONSTifSD 

CABDON BT?miE8IZBD 
INTO CZLL BTJJiSTATICK* 

CTLL etJUSTANCB C 
QhVeOBe V 

vtffm. per liter 

mffm. 

mpm. 

per cent 

0 

1,881 

279 

14.8 

5 

2,035 

739 

3C.3 

15 

2,035 

729 

35.8 


* This was calculated from the C:N ratio of the Rhizopus pellicle, which wn? 
taken as 9:1. Carbon content of Rhizopus was found by analysis to be approxi- 
mately 45 per cent. 
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The efficiency of carbon utilization for cell synthesis was thus 
increased by 2 to 3 times under these conditions. Further evi- 
dence of the specific physiological effect of zinc upon the metab- 
olism of Rhizopus was brought out by comparing the relation of 
fumaric acid to total acidity. When zinc was not added, fumaric 
acid accounted for practically 100 per cent of the total acidity 
measured as calcium in solution; in its presence this was only 
70 to 80 per cent. These results have been repeatedly confirmed. 
In other words, zinc induced the formation of a very significant 
amount of other, as yet unidentified, acidic constituents. 

In contrast to zinc, iron alone usually tended to depress growth 
but the fumaric-acid-yielding capacity of the organism was not 
reduced thereby (see also table 5). When combined with a trace 
of zinc, the effect of iron was not only completely obliterated, but 
the specific effect of zinc was even accentuated. The 3 elements 
(Mo, Mn, Cu) alone brought about no particularly specific re- 
sponse. Here again, regardless of what other elements were 
present in the mediiun, zinc favored the formation of another 
acid (or acids) amounting to 25 to 30 per cent of the total. Further 
study brought out that adjustment of the Fe : Zn ratio can reduce 
the specific effect of zinc and that the characteristic response of the 
organism to iron is manifested, i.e., a partial neutralization of the 
two elements takes place. It must be emphasized, therefore, 
that the associative or antagonistic nature of these two elements 
depends upon their ratio. 

The marked response which zinc induces in Rhizopus suggests 
that the need for this element may be such that no growth would 
occur if it were completely removed from the medium. Fifty 
grams of CaCOs were added to two liters of the above medium 
which was then autoclaved for 15 minutes at 15 pounds pressure, 
according to Steinberg’s (1919) purification technique and 
filtered hot. All glassware with which the medium came in 
contact had previously been thoroughly rinsed with distilled 
water purified in the same way. One milUgram of the heavy 
metal salts was added to 100 ml. of medium in 250 ml. Erlen- 
meyer flasks, the media sterilized 1 hour at 100°C., and inocu- 
lated with a miniTmim of spores from a heavy-metal-deficient 
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culture. The same flasks had been used for pre^dous experiments 
of a similar nature, each flask recehdng identical metal treatment, 
so that contamination from the glass was at a minimum. After 
incubation at 28° for 4 days, the fungus pellicles were washed, 
dried at 80°C., over night and at 100°C. for 2 hours and weighed. 

The scant few milligrams growth in the controls (table 2) is 
probably due to metals leaching from the glass as well as from 
the inoculum. The results clearly show that the combination of 
zinc and iron is indispensable for the growth of Rhizopiis. Al- 
though there is some indication that manganese and copper may 

TABLE 2 


Growth of Rhizopvs nigricans in purified basal nutrient solution as influenced by 

heavy metals 


HEAVT METAL TBEATMENT* 

DUPXJCATE Dnr WEtGnT 
OF ruNGtrs 

8PORULATION 

Basal mfifliiim 

mgm* 

11,7 

25, 21 

264, 246 

10, 10 

318, 319 

325, 323 

12, 8 

355, 368 

Sterile 

Sterile 

Verj' slight 

Sterile 

Abundant 

Abundant 

Sterile 

Abundant 

Zn, Mn 

Zn, Fe 

Fe, Mn 

Fflj 7ir\j rjn ..... 

Fe, Zn, XTn 

Fe, Mn, Cu - 

Fe, Zn, ^In, Cu 



* All metals except Cu were added as 10 mgm. of the following salts per liter of 
nutrient solution; ZnSOrVHjO, Fe-tSOi),, MnS 04 - 4 H 20 ; 2 mgm. per liter 
CuSO<-5HiO. 


also be essential, it is obvious that the amounts of these elements 
required by the organism are extremely low as compared with 
the demand for zinc and iron. The absence of either of the latter 
elements from the otherwise complete medium resulted in prac- 
tically no growth, while the two elements combined always gave 
abundant growth. 

The pellicles from the 7-day cultures of the first exqieriment 
were used to determine the influence of glucose concentration 
upon fumaric-acid production. Sterile glucose solutions (150 ml.) 
of varying concentrations were added to the flasks containing 
the pellicles together with 10 grams CaCOj. Incubation was 
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no growth, occurred, but the pellicles continued to convert the 
glucose into fumaric acid. 

The results (table 3) show clearly that the rate of glucose con- 
sumption is influenced decidedly by its initial concentration. 
The mflYirmim fumaric-acid production occurred when the initial 
concentration of glucose was from 5 to 15 per cent. Higher 
concentrations caused progressively smaller transformation of 
the sugar to acid. It is clear that efficiency of conversion is 
inversely proportional to glucose concentration. No considera- 
tion was given, in this experiment, to the differences in the size 
of the pellicles and to the possible effects of the various trace 
elements in the formation of the pellicles upon their activities. 
Many of the pellicles produced so much fumaric acid that abun- 
dant crystallization of calcium fumarate occurred in the cultures. 

In the next experiment, a study was made of the effect of zinc, 
especially in combination with other elements, upon the specific 
activity of the peUicles produced. Pellicles were grown for 11 
days, washed twice with sterile water, drained, 150 ml. sterile 5 
per cent glucose solution and 5 grams sterile CaCOs added, and 
the flasks incubated 6 days at 28°C. with frequent shaking. The 
results presented in table 4 point to the fact that the history of the 
pelhcle may alter the fumaric acid metabolism of Rhizopus. 
Pellicles grown with zinc alone and in combination with other 
elements were unfavorable to fumaric acid accumulation, whereas 
for glucose consumption their vigor was considerably reduced. 
A combination of Zn, Fe, Mo, and Cu in the original medium was 
most effective in repressing the production of acid by the fungus 
pellicles, both as regards percent conversion and total acids 
formed. In addition, considerable amounts of acids other than 
fumaric, as measured by the calcium in solution, were found 
among the products formed by the zinc pellicles. Further, the 
fact that fmnaric acid accounted for only about 90 per cent of 
these acids, even in the case of the zinc-free pellicles shows that 
the pellicles metabolized the sugar differently from the growing 
cultures of the organism, the latter giving practically 100 per cent 
fumaric acid. Bernhauer (1927) reported similar behavior for 
citric-acid formation by mature pellicles of Aspergillus niger 
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TABLE 3 

Influence of initial glucose concentration upon glucose consumptionandfwnaric-acid 

production by Rhizopus 


150 ml, glucose solution used 


initial glucose 
concentration 

GLUCOSE CONSUMED 

rUMARIC AHD FOUND 

CONVERSION 

per cent 

rngm. 

mffm. 

per cent 

2.5 

3,323 

1,559 

46.9 

5.0* 

9,000 

3,534 

39.3 

10.0 

10,575 

3,563 

33.7 

15.0 

12,215 

3,681 

30.1 

20.0 

10,060 

2,986 

29.7 

25.0 

10,440 

1,954 

18.7 

30.0 

5,125 

631 

12.3 

40.0 

5,125 

399 

7.8 


* These 2 flasks received 200 ml. of 5.0 per cent glucose solution. 


TABLE 4 


Influence of pellicle nutrition upon its effectiveness in producing fumoric acid 


ELEMENTS IN ORIGINAL MEDIUM 

GLUCOSE 

CON- 

SUMED 

rUMAIUC 

ACTD 

FOUND 

CON- 

VER- 

SION 

TOTAL CAL- 
nuMiN 
SOLUTION 

CALOUM 

AS 

FUMARIC 

ACID 


mgm. 

mgm. 

pgr cent 

mgm. 

per cent 

0 

6,901 

1,840 

26.7 

638.0 

99.5 

5Zn 

3,235 

1,010 

31.2 

392.0 

88.5 

l5Zn 

3,180 

971 

30.6 

379.0 

83.4 

5Fe 

6,820 

2,879 

42.2 

1,048.0 

94.9 

15Fe 

6,805 

2,793 

41.0 

1,032.0 

90.3 

5Mo 

7,157 

2,681 

37.5 

938.0 I 

98.6 

15Mo 

5,910 

2,524 

42.7 

900.0 

96.7 

5Mn 

6,820 

2,395 

35.1 

841.0 

98.2 

ISMn 

7,057 

2,503 

35.5 

898.0 

06.8 

2Cu 

7,057 

2,409 

34.1 

853.0 

97.4 

5Cu ■ 

5,130 

2,375 

46.3 

844.0 

97.0 

5Zn + 5Fe 

1,987 

319 

16.1 

131.0 

83.9 

5Zn + 15Fe 

1,762 

274 

15.5 

120.0 

78.8 

5Zn + 5Pe + 5Mo 

2,125 

319 

14.1 

136.0 

80.9 

5Zn + 5Fe + 5Mo + 5Mn 

3,100 

140 

4.5 

190.0 

25.4 

5Zn "i" 5Fe "f* 5Mo -f* SlVln 4* 5Cu 


344 


190.0 

81.3 

lOV 

6,510 

2,425 

37.3 

900.0 

92.9 


at 28°C., for 9 days, with frequent shaking. No nitrogen or 
nutrient minerals were present in these pellicle cultures. Thus, 
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cultivated in the presence of zinc and actiug on sugar replace- 
ments. 

A study was now made of the effect of zinc upon fumaric acid 
production, as influenced by the age of the fungus. Growth of 
the organism was interrupted at 3 different stages: (a) after 5 
days, when the culture in the flasks with the regular medium 
had just formed a complete pad upon the surface of the medium 
and before the profuse aerial mycelium and sporulation occurred; 
(b) after 7 days, when a well-formed thick pad was produced, 
accompanied by heavy aerial mycelium and abundant sporula- 
tion, especially in the zinc cultures; (c) after 10 days, well past the 
maximum growth stage of the fungus growth. The experiment 
was set up in a manner similar to the previous, duplicate flasks 
of each treatment being withdrawn at each of the 3 periods of 
growth. The various pellicles were freed from the medium, 
washed, replaced as usual with 10 per cent glucose and CaCOa 
and incubated for 5 days. Besides zinc and iron alone, a combi- 
nation of Fe, Mo and Cu was used, in order to demonstrate 
conclusively that it was zinc and not the other elements which 
resulted in the characteristic responses obtained in the previous 
experiment. Analyses of the culture liquid during the growth 
of the fungus are presented in table 5. The per cent conversion 
in the zinc cultures dropped from 22.6 to 12.8 per cent, with 
advancing age, thus tending to confirm definitely the assumption 
that the function of zinc becomes increasingly important in 
repressing fumaric acid production with increased age of the 
organism. 

The earlier experiments showed that the formation of another 
unidentified acid is always associated with zinc. Further proof 
that this is correct is to be found in the fact that, with progressive 
age, when the effect of zinc became more marked, there was a 
progressive increase from 7.7 to 33.7 per cent in the quantity of 
the other acid found. Malic and succinic acids have been iden- 
tified in culture solutions of this organism. 

On comparing glucose and nitrogen consumption during the 
growth of the organism as influenced by iron, it is seen that this 
element repressed the latter. These cultures possessed a higher 
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sugar-fermenting capacity per unit of cell substance than the 
iron-free cultures. Both iron-containing and iron-free cultures, 
especially during the later periods of growth, had a fermentative 
capacity far greater than the zinc cultures. This is a highly 
important fact pertinent to the fundamental physiology of the 
organism, for the efficiency of its energy utilization thus becomes 
inversely proportional to its fermentative capacity. In other 
words, the zinc cultures consumed a small amount of glucose per 
unit of growth but utilized it very efficiently, whereas the zinc- 
free cultures consumed a large amount of glucose but very ineffi- 
ciently. 

Throughout the course of these investigations, the mnYimiim 
conversion yields of fumaric acid were mostly from 40 to 46 per 
cent, yet, sporadically, yields were obtained as high as 58 per cent. 
In order to obtain a total increase from 36.5 to 45.1 per cent in the 
5 and 7 day iron cultures, the rate of increase during the 2 day 
interval necessarily must have been considerably higher than 
45.1 per cent. This increment can be calculated to be 54.5 per 
cent. Thus, this strain of Rhizopus can convert glucose actually 
at a much higher rate than that apparent from the data. A 
comparison of the rates of acid formation is presented in figure 1. 

Alcohol is produced in Rhizopus nigricans cultures during the 
early period of growth and decreases in the very old stages with a 
coincident increase in fumaric acid (Butkewitsch and Federoff, 
1930); this may explain the higher conversion rates. In order 
to demonstrate that a high rate of conversion could be obtained 
from alcohol, Rhizopus pellicles were allowed to act on ethyl 
alcohol. As much as 70 per cent of the alcohol consumed was 
found to have become converted to fumaric acid, thus establish- 
ing beyond doubt the ability of the organism to form fumaric 
acid from ethyl alcohol and the probability that the latter is the 
intermediary product in the formation of this acid. 

The negative value for fumaric acid production obtained in the 
zinc cultures, during the 7 to 10 day period, may possibly be due 
to actual consumption of the acid by the fungus, as suggested 
by Butkewitsch and Federoff (1930) or to its transformation into 
malic acid (Bernhauer and Thole, 1936). To test this, the 
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* Incubation of pellicles was 5 days in all cases, 
t Abundant crystallization of Ca fumarate occurred on the 5th day. 
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organism was grown on 1 per cent fumaric acid as the only source 
of energy. One-half of the solution was neutralized with NH4OH 
and the other boiled with CaCOs and filtered. Each portion was 
divided into 2 lots, only one receiving ZnS 04 • THsO, at the rate of 
10 mgm. per liter. Definite growth was obtained in all cases, 
but it was slow and scant so that it appears that fumaric acid 
could serve only as a very poor source of energy; no difference 
was apparent due to zinc. These results suggest the possibility 
that the reduced 3 delds of fumaric acid in the zinc cultures are not 



Fig. t. Rate of Conversion of Grucose into Fvmaric Agio During Different 

Stages of Growth 

due to the actual consumption of the preformed fumaric acid but 
of its precursor and also to its transformation into another acid. 

The results on the action of the pellicles from the experiment 
reported in table 5 are presented in table 6. The zinc pellicles 
behaved in two respects differently from those of the previous 
experiment. These pellicles, far heavier than those previously 
used, consumed glucose at a much higher rate, without, however, 
any appreciable increase in the quantity of acids other than 
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fumaric. An explanation of these contrasting results is lacking 
at present, but it may be associated with the size of the pellicle 
and glucose concentration. Whereas maximum growth of the 
organism, as measured by glucose consumption and by nitrogen 
uptake, was obtained in 10 days, the greatest pellicle activity 
was found in the case of the 7 day old pellicles. There is, there- 
fore, a period of physiological youth for the fungus which occurred 
between the 5th and 7th days of growth. This is clearly brought 
out in figure 1. 

Antagonistic actions between iron and zinc on Aspergillus was 
indicated by Roberg (1928, 1931) and Bortels (1927); iron re- 


TABLE 7 

Influence of zinc, iron and glucose concentration upon growth and fumaric-add 
formation by Rhizopus 



GLtTCOaC COKSITMCD 

FUMARIC ACtD PRO- 
DXJCSD 

CONVERSION 

NTTROOBN CON- 
SUM&P 

§1 


a 

1 



a 



d 

t 

& 



a 

N) 

•f 

s 


p H 



O 

fSi 

d 


d 

& 

d 

N 

ptT cent 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

per 

cent 

per 

cent 

per 

cent 

mgm. 

mgm. 

mgm. 

2.5 

3,414 

4,138 

4,276 

1,567 


None 

45.9 

2.5 


24.0 

82.9 

82.8 

5.0 

5,309 

7,793 

8,293 


■W3B1 

1,355 

38.3 

23.2 

16.4 

36.8 

82.9 

83.1 



12,973 

12,969 

Hcwii 

2,838 

2,326 

31.9 

21.9 

17.9 

40.4 

81.7 

81.2 

15.0 

5,550 



834 


893 

15.0 

10.3 

8.0 

27.8 


67.5 

mSi 

7,275 

niEwii 



541 

816 

6.9 

4.6 

7.4 

■’lillil 

65.3 

61.0 

ia 


9,838 


190 


67 

2.3 


0.7 



33.5 


duced the toxic effect of high and even optimal (Golhnick 1936) 
concentrations of zinc on sporulation. Since glucose concentra- 
tion is important in controlling fumaric acid production, it is 
evident that these three factors govern the relation between 
growth and fumaric acid formation by Rhizopus. An experiment 
was therefore set up to elucidate these interrelationships. Three 
series of flasks received the usual basal medium with the follow- 
ing concentrations of glucose: 2.5, 5, 10, 15, 20 and 30 per cent. 
One series received iron, the second iron and zinc, the third zinc 
alone as 10 mgm. per liter of salt. All treatments were carried 
out in duplicate. Seven day cultures were analyzed (table 7). 




















612 


JACKSON -W. FOSTER AND SELMAN A. WAKSMAN 


By increasing the concentration of glucose, there was an 
increase in glucose consumption only in the iron-containing 
cultures j this cannot be directly associated with increments in 
growth, for maximum grow’^th, as measured by nitrogen assimila- 
tion, was reached with 10 per cent glucose and then dropped off. 
Above that concentration, a large part of the glucose was changed 
to alcohol, reference being previously made to the high ferment- 
ing capacity of the iron cultures. Glucose was repressive to acid 
formation in direct proportion to its concentration. From a 
yield of 45.9 per cent wdth the lowest concentration of glucose, the 
production of fumaric acid was reduced to a mere trace with the 
highest concentration. The optimum concentration of glucose 
for the activities of Rhizopus, in the presence of an iron salt, 
therefore depends upon the physiological unit of measurement. 

The 10 per cent sugar cultures with zinc alone gave the maxi- 
mum response in glucose consumption, in growth, in yield of 
' fumaric acid and in per cent conversion. Above and below this 
concentration, there was a falling off, and, as found previously, 
no fumaric acid was formed in the 2,5 per cent glucose cultures. 
The high concentrations of glucose, here as well, blocked almost 
completely the formation of fumaric acid. 

Attention has been called earlier to the fact that there exists a 
critical carbohydrate-nitrogen ratio, below which fumaric acid 
is not formed in Zn cultures. This experiment gives evidence of 
the existence of two carbohydrate-nitrogen ratios; no acid is 

carbon 

formed below one and above the other. The —r ratios arc 

nitrogen 

calculated to be 25:1 and 300:1, respectively; only within these 
limits was fumaric acid produced under the experimental con- 
ditions. 

.The combination of iron and zinc was similar to the zinc series, 
with respect to the maximum activity at the 10 per cent glucose 
level. The evidence that the antagonistic effects of thc.se two 
elements partially neutralize one another is quite definite. For 
example, the favorable influence of iron on fumaric acid formation 
was clearly manifested wdth the 2.5 per cent glucose concentra- 
tion, for the acid was definitely formed under these conditions 
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and not in the corresponding zinc cultures. Similarly, with the 
5, 10, and 15 per cent glucose concentrations, the net result was 
plainly that of neutralization; the values were increased and 
reduced as compared with the zinc and iron cultures, respectively. 

There is also a distinct associative effect. In the 20 per cent 
glucose concentration, the presence of both Fe and Zn gave a 
definite lowering in acid yield and with 30 per cent they com- 
pletely repressed the formation of the acid while it was still 
formed in the zinc cultures. The net effect, therefore, of iron and 
zinc upon fumaric acid production by Rhizopus may be either 
antagonistic or associative, depending upon the sugar concen- 
tration; up to 20 per cent glucose, the effect was antagonistic; 
above this concentration, it was associative. 

DISCUSSION 

Zinc is indispensable for Rhizopus and, on this basis, may be 
called a “nutrient” according to Steinberg (1934). However, 
iron and manganese are also essential, but their effect is not 
comparable to that of zinc under the conditions used. Thus, the 
term “nutrient” does not serve to indicate the r&le of the particu- 
lar element in the nutrition of an organism. An element may be 
vital to the organism in one of two ways — structurally or func- 
tionally. Structurally it acts as a building block in the forma- 
tion of cellular material — it comprises the unit of which cell 
substance is composed. In this category one usually places 
carbon, nitrogen, hydrogen, oxygen, sulfur and phosphorus. 
On the other hand, a substance becomes functional when it is 
indispensable to some specific process or transformation carried 
out by the cell substance. Enzymes and catalysts belong here. 
In some cases, an element may serve in both capacities, as claimed 
by Buromsky (1936) for potassium and magnesium. 

The specific effect that zinc produces on Rhizopus is very similar 
to the functional or catalytic t 3 rpe of nutrient. The greater 
efficiency of energy utifization by the organism in the presence of 
this element results in the conversion of a large part of the con- 
sumed glucose into cell substance, and only a small portion con- 
verted to organic acids. The reduction in the economic coeflfi- 
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4 . /'wt. sugar consumed\ . ,, 

Ut. fungus growth j Wessnce of sins is similar to 

that of Aspergillus niger (Buromsky, 1913; Butkewitscli and Or- 
low, 1922; Ono, 1900). With 2.5 per cent glucose in the medium, 
BMzopus nigricans consumed all the sugar but produced no 
fumaric acid, which is similar to the results of Butkewitscli and 
Orlow (1922) with oxalic acid in A, niger cultures. 

If zinc were a structural element it would cause merely an 
increase in the rate of utihzation of the glucose but no change in 
the manner of utilization of the sugar molecule, i.e., acid produc- 
tion per unit of glucose consumed would be the same. This 
clearly is not the case here. The formation of considerable 
amounts of other acidic constituents under the influence of zinc 
is further indication of the striking modification induced by this 
element. This specific effect of zinc appears to be sufficient 
justification for characterizing it as a biological catalyzer, accord- 
ing to the conception of Javillier. If it could be replaced by other 
heavy metals it would lose its characterization as a true physio- 
logical catalyst and would be considered simply as a mere excitant 
of protoplasmic phenomena. These results, however, are not 
in agreement with the findings of Bernhauer and Thole (1936), 
who included zinc in the culture medium and obtained increased 


yields of fumaric acid by Rhizopus nigricans. 

Zinc appears to be closely associated with the breakdown of the 
carbohydrate. This view is supported by the increased efficiency 
of carbon utilization in the presence of zinc; also by the fact that, 
in some instances, pellicle cultures, in the absence of nitrogen and 


minerals and with no apparent increment in growth, gave a re- 
duced proportion of fumaric acid to total acids similar to that of 
the cultures during the growth period. Further indication of 
this is shown by the fact that the most marked effect of zinc 
occurred after the fimgus reached maturity when presumal)!y 
nitrogen metabolism would not be very active while carbohydrate 
breakdown was still pronounced. Butkewitsch (1922) and M a.«- 
siljew (1927, 1930) likewise concluded that zinc is concerned with 
carbohj’’drate metabolism. 

Wassiljew (1935) further demonstrated that the effect of zinc 
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was not the same for biochemically different strains of Aspergillus 
niger and he went as far as to suggest a characterization of A. niger 
strains based on their reactivity to zinc. 

The results of the studies of carbohydrate concentration indi- 
cate that this is an important feature in mold metabolism, espe- 
cially when quantitative relations between sugar used and end 
products obtained are under consideration. This is especially 
true of those fungi which are susceptible to the influence of the 
heavy metals, but unfortunately this fact has seldom been con- 
sidered. Unless special purification methods have been em- 
ployed, it is not unlikely that the combination of these factors 
could influence the metabolism of the organism so as to give 
divergent and irreproducible results. 

The accumulated evidence suggests that the requirement by 
filamentous fungi of traces of heavy metals, such as zinc, iron, 
manganese, copper and possibly others, is a general phenomenon 
in their nutrition. For the most part this has been proven by 
observing weight yields and sporulation of the fungi under highly 
controlled conditions. However, it must be emphasized that 
only by resorting to physiological studies can the true function 
of trace elements in the metabolism of fungi be elucidated. 

SUMMARY 

Zinc was found to be indispensable for the growth of Bhizopus 
nigricans. The presence of 1.2 p.p.m. of zinc ion in an otherwise 
complete nutrient medium markedly altered the physiology of 
the fungus. The organism utilized the available energy 3 times 
more efficiently when zinc was added to the medium. In the 
absence of added zinc, Bhizopus did not completely oxidize the 
glucose but converted a large part of it into fumaric acid, and 
made a relatively slow and poor growth. In the presence of zinc, 
growth was rapid and abundant, a much smaller part of the 
energy of the glucose being left in the form'of fumaric acid. The 
function of zinc is interpreted as catalyzing a more complete 
destruction of the glucose molecule with a consequent greater 
efficiency of energy utilization by the fungus. 
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The effect of iron in the metabolism of Rhizopus was practically 
the opposite of that of zinc. 

Glucose concentration was found to be an important factor 
governing the influence of zinc and iron. Maximum response to 
zinc in glucose consumption, growth, absolute yield of furaaric 
acid and per cent conversion was obtained with 10 per cent glucose 
medium. In zinc cultures a critical carbon : nitrogen ratio was 
found to exist. Below a C:N ratio of 25:1 and above 300:1 
no fumaric acid was found. Up to 20 per cent glucose concen- 
tration, the net effect of iron and zinc was antagonistic; above 
this concentration, it was associative. Evidence is presented 
indicating that zinc is closely associated with carbohydrate 
dissimilation. 
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The use of suitable hydrogen acceptors added to a normal 
fermentation may permit of certain conclusions as to the normal 
path of fermentation, especially if the acceptor can be traced 
and the effects of its reduction on the normal dissimilation 
observed. 

Harden and Norris (1902) reported the formation of butylene 
glycol by Bacillus lactis-aerogenes {Aerobacter aerogenes) from 
acetaldehyde in a 1 per cent peptone medium in the absence of 
glucose. However, most of the acetaldehyde was recovered as 
acetic and succinic acids and ethyl alcohol. 

Neuberg and Kobel (1925) noted that 1 molecule of acetalde- 
hyde added to yeast preparations in the presence of glucose 
or pyruvic acid condensed with a molecule of acetaldehyde bio- 
logically formed to yield acetylmethylcarbinol. 

Kluyver and Donker (1925) were able to cause yeast and lactic 
acid bacteria to form acetylmethylcarbinol from glucose when 
methylene blue or sulphur was added as a hydrogen acceptor. 

Whetham (1927) believed the presence of acetyhnethylcar- 
binol was a reliable indication of the intermediary occurrence of 
acetaldehyde. 

Hammer (1936) found that the addition of homologs of 
acetaldehyde to fermenting milk cultures of Streptococcus lique- 
faciens resulted in an increase in acetylmethylcarbinol but 
that homologs of acetylmethylcarbinol were not formed. 

Reynolds, Jacobsson and Werkman (1937) noted that acetic 
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acid, when added to a glucose fermentation by Aerobacicr indo- 
logenes, was reduced and the jdeld of hydrogen suppressed. The 
reduced acetate was quantitatively accounted for as 2 ,3-butylene 
glycol. 

The purpose of the present study was to determine the effect 
of homologs of acetaldehyde and acetic acid on the fermentation 
of glucose by Aerohacter. The results should be of considerable 
importance to an understanding of the formation of acetylme- 
thylcarbinol and 2 , 3-butylene glycol. If a homolog of acetic acid, 
e.g., propionic, were reduced and the product condensed to the 
carbinol and further reduced to glycol, it is reasonable to ex- 
pect that 4:-carbon-, 5-carbon- and possibly 6-carbon-glycols 
would be formed. Since, on oxidation the glycols yield the 
corresponding acids from which they are derived, it is possible 
to determine whether such a condensation occurs. Likewise for 
higher aldehydes a similar procedure can be applied. Use of 
the higher acids and aldehydes offers an advantage over acetic 
acid and acetaldehyde in that their reduction products can be 
traced. 

In the results to be reported, acetaldehyde, propionaldehydc, 
butyraldehyde and acetic, propionic, butyric and fumaric acids 
were added to glucose fermentations and their effect on dissimi- 
lation studied. 


METHODS 

Fermentations were conducted at 30°C. in 500 ml. Erlen- 
meyer flasks fitted with dropping funnels for the addition of the 
acids and aldehydes. The medium was 2.0 per cent glucose, 
0.3 per cent (NHd 2 SO., 1.0 per cent K-HPO. and 0.05 per cent 
peptone. Ten per cent (by volume) of tap water was added for 
the salts present. The medium was autoclaved and after inocu- 
lation flushed with oxygen-free nitrogen before connecting to the 
bottles for the absorption of gases. 

Freshly distilled aldehydes w'ere added in approximately 0.0 
M concentration. The added aldehyde wms determined bj ti 
tration of bound bisulphite with iodine according to Donnallj 
(1933). 
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Acids used were weighed, neutralized to bromothymol blue, 
made up to the desired concentration and determiued by steam- 
distilHng an aliquot part and titrating. 

The fumaric acid was weighed, neutralized, sterilized by 
Seitz filtration and determined gravimetrically as the silver 
salt. 

The inoculum was prepared by growing Aerobacter indologenes 
on nutrient agar and using an aqueous suspension for inocula- 
tion. Cultures were examined before and after fermentation by 
the gram stain. 

Carbon dioxide and hydrogen were collected in bottles con- 
taining 1 M alkali, the carbon dioxide being absorbed in the 
alkah and the hydrogen determined by volume displacement. 
Residual carbon dioxide was determined gravimetrically by acidi- 
fyiag the medium to congo red and refluxing an ahquot part 
in a stream of COa-free air. 

After removal of carbon dioxide the sample was distilled to 
half volume, the distillate neutrahzed and again distilled to 
half volume to recover alcohols. The two residues were com- 
bined, acidified to congo-red paper and steam-distilled to col- 
lect volatile acids. The volatile acids in the distillate were 
determined by the partition method according to Osburn, Wood 
and Workman (1933). Formic acid was determined by the 
method of Auerback and Zeglin (1922). 

Alcohols were determined by oxidizing an ahquot part of 
the neutral volatile distillate with H2SO4 — KsCr207 mixture in 
a closed flask in a boiling water bath, steam-distilhng and de- 
termining the resulting acids on the steam distillate by the par- 
tition method. 

Acetylmethylcarbinol was determined according to Stahly 
and Workman (1935). 2,3-Butylene glycol was Separated from 
the medium by steam distillation from a neutral medium sat- 
urated with MgS04-7H20. The glycol was determined on the 
distillate by oxidizing with periodic acid and directly distilhng 
the resulting acetaldehyde into sodium bisulphite solution and 
titrating with iodine. 

Lactic acid was determined on the residue of the butylene 
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glycol distillation by the method of Friedemann and Graesser 
(1933), 

Residual aldehydes were determined by distilling an ali- 
quot part of the fermentation directly into bisulphite and ti- 
trating -ndth iodine. 

To determine whether any of the added aldehydes or acids 
had condensed to the corresponding glycols, the glycol distil- 
late was oxidized, as in the procedure for determining alcohol, 
and the resulting steam distillate partitioned to detect the 
presence of acids other than acetic. By this procedure butylene 
glycol is oxidized quantitatively to acetic acid, each mole yield- 
ing two of the acid. 

RESULTS 

It was first desirable to determine the fate of acetaldehyde 
added to fermenting cultures of Aerohacler indologencs under 
acid and alkaline conditions (table 1). It has previously been 
shown (Mickelson and Workman, 1938; also see table 1) that 
the pH of the medium has a very pronounced effect on the 
formation of butylene glycol. The addition of acetaldehyde to 
an alkaline fermentation results in its equimolar conversion into 
acetic acid and ethyl alcohol. The work of Reynolds and 
Workman (1936) suggested that acetic acid may be an interme- 
diate in the formation of 2,3-butylene glycol with acetaldehyde 
and acetyhnethylcarbinol acting as intermediates in the trans- 
formation. If Aerohacler indologenes contains carboligase which 
will couple acetaldehyde under conditions when added acetic 
acid is not attacked (allcaline reaction), it should be possible 
to demonstrate whether acetic acid is necessary in the formation 
of butylene glycol. The results obtained do not bear out this 
h 3 q}othesis (table 1). 

T\Tien the aldehyde is added to a fermentation conducted at 
a pH level favorable to the formation of but 3 dene glycol there 
is a substantial increase in acetylmethylcarbinol (table 1) and 
likewise ethyl alcohol and acetic acid. It appears that (he 
added aldehyde has been in part condensed to the carbinol. 
Since acetaldehyde can serve as a precursor of acetic acid. 
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ethyl alcohol, acetylmethylcarbinol or butylene glycol, there 
is no assurance that condensation has occurred because the 
added aldehyde has not been tagged and its fate determined. 

Higher aldehydes and acids offer the advantage that it is 
possible to trace them. If synthetic benzaldehyde is coupled 
with biologically formed acetaldehyde to give pbenyhcetyl- 
carbinol as Neuberg and Ohle (1922) found to be the case with 
yeast, it may be expected that Aerobacier will couple added 
propionaldehyde or butyraldehyde with acetaldehyde to give the 
corresponding carbinols. The data show that such is not the 
case. Instead, the added aldehydes are oxidized and reduced to 
the corresponding acids and alcohols with no increase in acetyl- 
methylcarbinol. These results are to be compared with those of 
Hanomer (1935) who obtained increases in acetylmethylcarbinol 
by the addition of homologs of acetaldehyde to cultures of 
Streptococcus Uquefaciens. Likewise, those substances which do 
not cause increased yields of the carbinol or glycol with Aerobacter 
do not decrease the yield of hydrogen as do acetaldehyde and 
propionic and acetic acids. 

Most of the work on the origin of acetylmethylcarbinol in 
bacterial and yeast fermentations has emphasized that one mole 
of the acetaldehyde must be nascent, i.e., of biological origin. 
Tomiyasu (1936) claims to have obtained a synthesis of acetyl- 
methylcarbinol with a yeast preparation from synthetic acetalde- 
hyde and states that nascent aldehyde from sugar or pyruvic acid 
is unnecessary. Recent work by Discherl (1937) points to the 
necessity of having nascent aldehyde formed before acetyhnethyl- 
carbinol synthesis can take place from synthetic acetaldehyde. 
He attributes the results of Tomiyasu to the lack of a yeast 
preparation free of endogenous fermentation. 

When acetaldehyde was added to cell suspensions of the 
organism in buffer at a pH favorable to the formation of acetyl- 
methylcarbinol and 2,3-butylene glycol from glucose no 
condensation of aldehyde occurred. Apparently the formation 
of acetylmethylcarbinol, if it occurs by a condensation of acetal- 
dehyde, is an energy-consuming reaction and, since the side 
reaction proidding the energy is not taking place, no formation of 
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acetylDiethylcarbinol is possible. It is also possible that the 
acetaldehyde must couple with some other intermediate in order 
that the formation of the carbinol may occur. 

If the cells cannot synthesize acetylmethylcarbinol from 
synthetic acetaldehyde it is not readily conceivable that a similar 
compound of biological origin would be more readily converted. 
Perhaps, as suggested by Discherl (1931), the acetaldehyde 
couples first with pyruvic acid and yields acetylmethylcarbinol 
with a loss of carbon dioxide. At any rate it may not be necessary 
that the compound of biological origin be nascent acetaldehyde. 

Propionaldehyde and butyraldehyde do not cause increases 
in acetylmethylcarbinol or butylene glycol. In either case there 
is a small amount of succinic acid formed, accompanied by a 
decrease in ethyl alcohol (table 1). Propionaldehyde caused a 
greater reduction in the yield of ethyl alcohol and was itself 
entirely converted to propyl alcohol. With butyraldehyde some 
butyric acid was formed. 

Unless Aerobacter indologenes is unable to synthesize higher 
glycols, it is not unreasonable to suppose that acetaldehyde is 
reduced to the alcohol and does not directly enter into the for- 
mation of butylene glycol. This is in agreement with the results 
obtained by Hammer in the case of most of the aldehydes tried 
with S. Uquefaciens. 

Propionic acid apparently produces the same effect as acetic 
acid, i.e., causes an increase in butylene glycol, a reduction in 
the yield of gaseous hydrogen and is itself reduced. It is, how- 
ever, not attacked quite as vigorously as acetic acid. Propionic 
acid, though reduced, does not itself directly enter into the for- 
mation of butylene glycol. By being reduced to propyl alcohol 
it causes a reduction in ethyl alcohol and diverts some of the 
two-carbon compound which ordinarily would go to ethyl alco- 
hol to butylene glycol or acetic acid. These results have been 
confirmed by repeated experiments. These data indicate that 
acetic acid may act similarly when added, i.e., be reduced to 
ethyl alcohol, cause a decrease in gaseous hydrogen and an 
increase in butylene glycol without itself being transformed 
to the glycol. When conditions are optimum for the reduction 
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of acetic and the formation of butylene glycol, acetic acid may 
not be formed. 

Fumaric acid was used to determine whether the results were 
merely the effect of an added hydrogen acceptor. According to 
Barker (1936), for each mole of fumaric acid oxidized by Aero- 
hacter aerogenes another acts as a hydrogen acceptor to yield 
succinic acid. Fumaric acid has no effect on the formation of 
butylene glycol. It causes a slight decrease in hydrogen and is 
itself reduced to succinic acid. However, more succinic acid is 
formed than can be accounted for by the fumaric added; the de- 
crease in ethyl alcohol accounts for the added increase in succinic. 
Succinic acid was identified as the p-nitrobenzyl ester. 

In several experiments butjTic acid has not been found to 
act as a hydrogen acceptor. 

SUMMARY AND CONCLUSIONS 

Acetic and propionic acids, when added to glucose fermenta- 
tions by Aerohacter indologenes, are reduced, resulting in an 
increase in butylene glycol and a decrease in gaseous hydrogen. 
Propionic acid is reduced to propyl alcohol. 

Acetaldehyde undergoes a Cannizzaro reaction when added to 
an alkaline glucose fermentation by Aerohacter indologenes. 
When added to a fermentation with a reaction favorable to the 
formation of butylene glycol, increases are noted in acetylmethyl- 
carbinol and ethyl alcohol and decreases in hydrogen. 

Propionaldehyde and butyraldehyde are reduced to the cor- 
responding alcohols with some of the butyraldehyde going to 
butyric acid. No decrease in hydrogen is observed but slight 
increases in carbon dioxide and the formation of small amount.s 
of succinic acid with decreases in ethyl alcohol are noted. 

Fumaric acid is reduced to succinic acid and some of the glu- 
cose carbon is also diverted to form succinic at the ex-pense of 
the ethyl alcohol. 

Acetaldehyde is not coupled to form acetylmethylcarbinol 
by Aerohacter at a pH high enough to prevent formation of the 

latter from glucose. . 

Since propionic acid produces an effect similar to acetic aciu 
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and does not result in the formation of a higher homologous 
glycol it is doubtful whether acetic acid is a necessary interme- 
diate in the formation of butylene glycol. 

It is suggested that perhaps synthetic acetaldehyde, when 
added, is coupled with some other intermediate than acetalde- 
hyde during the formation of acetylmethylcarbinol. 

The mechanism of formation of acetylmethylcarbinol by 
Aerobacter is still an open question. 
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The present work was undertaken at the suggestion of Dr. C. 
S. Hudson and Dr. Raymond M. Hann for the purpose of im- 
proving the method for preparing the rare ketoheptose perseulose, 
which was needed for chemical studies.- The best starting mate- 
rial is unquestionably perseitol, which occurs in the avocado 
(Persea graiissima) ; a large supply of this crystalline polyhydroxy 
alcohol was kindly furnished by Dr. A. E. Knauf of this Institute, 
who had isolated it as a by-product in the preparation of D-man- 
noheptulose from avocados. Perseulose was discovered by 
Bertrand (1908) through the oxidation of perseitol by Aceto- 
bacter xylinum. The experience of Wells, Stubbs, Lockwood and 
Roe (1937) has indicated that Acetohacter suhoxydans in sub- 
merged growth gives a nearly quantitative conversion of sorbitol 
to sorbose, and with the cooperation and technical assistance of 
the above mentioned colleagues of the Industrial Farm Products 
Research Division of the Bureau of Chemistry and Soils, U. S. 
Department of Agriculture, conditions have been determined for 
the quantitative biochemical oxidation of perseitol to perseulose. 

Bertrand used 0.5 per cent yeast extract as the only nutrient 
substance in the cultme medium, other than perseitol, the latter 
being employed in 2 per cent concentration. The oxidation in 

* Publication authorized by the Surgeon General, U. S. Public Health Serviee. 

• The following publications have been made: Hann, R. M., Tilden, E. B., 
and Hudson, C. S., J. Am. Chem. Soc., 1938, 60, 1201. Hann, R. M., and Hudson, 
C. S., Ibid., 1939, 61, 336. Richtmyer, N. K., Hann, R. M., and Hudson, C. S., 
Ibid., 1939, 61, 340. 
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these surface cultures required several weeks, and the yield of tlid 
sugar was about 45 per cent of the theoretical. Bertrand recov- 
ered the sugar by concentrating the culture fluid, after lend 
treatment, and extracting the syrup with boiling 90 per cent alco- 
hol, which dissolved the sugar and precipitated the unoxidized 
perseitol. The sugar crystallized in a mass from the concen- 
trated alcoholic solution. After two or more recrystallizations 
from alcohol, the sugar had an optical rotation at equilibrium 
of -81°. 

Bertrand’s (1898) sorbose bacterium, which he had obtained 
from the skin of the berries of the mountain ash (Sorbns 
aucuparia), was later found to be identical with Acctobaclcr 
xylinum, which had been isolated from vinegar by Adrian 
Brown (1886). Kluyver and DeLeeuw (1924) found in beer a 
new member of the group of oxidizing bacteria, which they 
named Acetobacier suboxydans. This organism was found by 
Fulmer, Dunning, Guymon, and Underkofler (1936) to give 
better results than A. xylinum in the preparation of sorbose, 
which has become of great importance as the starting point 
for the synthesis of ascorbic acid, and Wells, Stubbs, Lockwood 
and Roe (1937), as has been mentioned, used submerged growths 
of A. suboxydans in their studies of the optimum conditions for 
large scale production of sorbose. 

In our preliminary attempts to oxidize perseitol, we were more 
successful with A. suboxydans than A. xylinum, and the later 
work was all done with A. suboxydans? We have not made a 
systematic comparison of the perseitol-oxidizing ability of the 
two organisms under the most favorable conditions. 

EXU’ERIMENTAL DATA 

Perseitol is not very soluble at room temperature, and not 
more than 3 to 4 per cent could be used without its crystallizing 
from solution during the early part of the incubation. We used 

’ The culture of A. suboxydans was kindly furnished by Dr. L. B. Lockwood 
of the Division of Industrial Farm Products Research. The A. xylinum culture 
was obtained from the American Type Culture Collection. 
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3 per cent in most of the experiments. Difco yeast extract, 0.5 
per cent, constituted the basic medium. Preliminary experi- 
ments with surface cultures were made in 125 ml. Erlenmeyer 
flasks containing 20 ml. of the medium. A. suboxydans was 
maintained on agar slants containing 0.5 per cent yeast extract 
and 5 per cent sorbitol, and the flasks were inoculated with 
1 ml. of aqueous suspensions of such cultures. Two-milliliter 
samples of medium were withdrawn at intervals and tested for 
reducing value by the Shaffer-Hartmann method (1921). Bert- 
rand’s (1906) figure (100 mgm. perseulose equivalent to 157.3 
mgm. copper) was used for approximate calculation until the 
pure sugar was obtained for construction of a curve of copper 
values. 

In the simple yeast extract mediiun, which is adequate for 
sorbitol oxidation, only 30 to 35 per cent of the perseitol was 
oxidized. The phosphate content of the medium was increased 
by adding 0.3 per cent acid potassium phosphate (Underkofler 
and Fulmer, 1937), leading to considerably increased oxidation. 
No further increase was obtained by aeration of the submerged 
culture in a Jena glass gas-washing bottle until the inoculum was 
varied by using 1 ml. of a 48-hour aerated sorbitol culture, when 
nearly complete oxidation was obtained. That this result was 
due to some constituent of the sorbitol culture was evident 
from the fact that subcultures inoculated from the actively oxi- 
dizing perseitol cultme showed only partial oxidation. We knew 
that sorbose was present in the sorbitol culture and also prob- 
ably some glucose, which is contained in crude sorbitol, and on 
adding small quantities of either of these to the medium the 
conditions became so favorable that the perseitol was completely 
oxidized. These preliminary results are summarized in table 1. 
Five-hundredths per cent glucose appeared to be slightly more 
favorable than 0.1 per cent sorbose and was thereafter employed 
regularly in the medium. Subsequent experiments (Hann, 
Tilden and Hudson, 1938) showed that the medium containing 
glucose and phosphate is a favorable one for the oxidation of a 
variety of sugar alcohols other than perseitol. 
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Recovery of the sugar 

One liter of pooled bottle cultures containing reducing sugar 
equivalent to 3 per cent was clarified by filtration through de- 
colorizing carbon (Darco G60) and the clear filtrate concentrated 
in vacuo at 35 to 40° to a thick syrup, which crystallized spon- 
taneously after 48 hours. The separated crystals, about 15 
grams, were recrystallized from 15 parts of 95 per cent alcohol, 
and yielded 12 grams of perseulose hemihydrate of melting point 
106° and [q:]d“ —81.3° in water at equilibrium. This material 
was used for the determination of copper equivalents by the 
Shaffer-Hartmann technique (table 2). An additional 7.5 grams 
was subsequently obtained from the syrup, making the total 
yield about 65 per cent. An alternative method of crystallizing 

TABLE 2 

Reduction values of perseulose hemihydrate by the Shaffer-Hartmann method 

100 mgm. perseulose hemihydrate reduced 166.4 mgm. copper 
70 mgm. perseulose hemihydrate reduced 118.0 mgm. copper 
50 mgm. perseulose hemihydrate reduced 83.9 mgm. copper 
20 mgm. perseulose hemihydrate reduced 31.2 mgm. copper 


the ketose, which gives a higher yield, is described by Hann and 
Hudson (1939). 

Oxidation in rotary drum fermenters 

We were fortunate in having put at our disposal on three 
occasions one or more of the rotary drum fermenters designed 
by Herrick, Hellbach, and May (1935) and used in the prepara- 
tion of sorbose and of gluconic acid (Wells, Moyer, Stubbs, 
Herrick, and May, 1937). Except for the additions to the 
culture medium already indicated, the conditions employed for 
sorbitol oxidation were found to be satisfactory for perseitol, 
though the reaction time was somewhat longer. At the sugges- 
tion of Wells and his collaborators,'* neutralized corn-steep liquor, 
0.3 per cent, replaced the yeast extract in these experiments, 
having been proved satisfactory by bottle culture tests. Three 
per cent perseitol was used in the first two drums, 4 per cent 

* Ind. Eng. Chem. In press. 
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in drums 3 to 6. The volume of culture in each drum was 
3200 ml. except in drum 1, in which it was 2000 ml. The inoc- 
ulum was varied somewhat in the latter four drums, which were 
run at the same time. Oxidation was complete in all, but much 
more rapid with a large inoculation (drum 6) than with a rela- 
tively small one (drum 5), and more rapid when the inoculum 
was a yeast-extract culture (drum 4) than one grown on steep 
medium (dnim 3). The bacterial count reached 100 million 

TABLE 3 


Oxidation of S per cent perseiiol in rotary drum fermenters 
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• Kindlj’ furnished by tho Farm Products Research Laboratory. 

t Calculated from curve of copper values constructed from reducing values obtained with known 
amounts of perseulose (see table 2). 

t Inoculum contained nearlj' 6 grams of pcraeulose. 

per ml. in all the drums within 5 hours and remained at that 
figure throughout; dilutions beyond that point were not made. 
The pH showed a tendency to fall during oxidation, rising to the 
initial value at completion of the reaction. The data are sum- 
marized in tables 3 and 4 and in the chart. The >ield of perseu- 
lose in these experiments was found to be quantitative (Hann and 
Hudson, 1938). 

The time necessarj^ for the oxidation in the drums (47 hours), 
as compared with that of sorbitol (16 hours), suggested that the 
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Oxidation of ^ per cent peraeitol in rotary drum fermenters 
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conditions might not be ideal, and it was later found that the 
pH of 5.5 was not the optimum. Surface cultures containing 
3 per cent perseitol were set up in 200 ml. lots in 500 ml. Erlen- 
meyer flasks, in which the potassium phosphate was replaced by 
various mixtures of dibasic sodium phosphate and monobasic 
potassium phosphate to give hydrogen ion concentrations rang- 
ing from pH 5.9 to 7.3. The salts were made up in M/5 concen- 
tration, and 10 ml. of a given mixture were added to each 100 cc. 
of medium, to give approximately 0.3 per cent phosphate con- 
centration. The pH of the cultures was determined by measurc- 


CHART 1 

OXIDATION OF PERSEITOL IN ROTARY FERMENTERS 



ments with the glass electrode. As the figures below show, the 
optimmn pH is 6.4. 


Per cent perseuhse 
calculate from rf 


Initial pH 

ducinff value after 
Sand tSdaye 

7.3 

2.48 

6.8 

2.89 

6.4 

2.95 

6.9 

2.86 

5.5 

2.54 


SUMMAKY 

The cultural conditions favorable to oxidation of per.'eitol 
to perseulose by Acetobacier suhoxydans are described, A small 
amount of glucose in the medium (0.05 per cent) was found to 
promote complete oxidation. Three to four per cent perseitol 
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is changed quantitatively to perseulose in 36 to 48 hours when 
the cultures are aerated and agitated. The medium described 
appears to be favorable for the oxidation of a number of other 
sugar alcohols. 
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The phenol coefficient test is universally employed for deter- 
mining the germicidal efficiency of preparations or compounds 
intended for the destruction of bacteria. The test was originally 
designed to be used for comparing the toxicity of phenol with 
phenol-like compounds. In recent years the method has been 
used to test compounds which are totally unlike phenol, with the 
result that such evaluations have been the cause of considerable 
confusion. 

As Reddish (1937) stated; “The phenol coefficient test has been 
widely used for comparing the germicidal efficiency of pure 
chemical compounds. During recent years, however, there have 
been a number of instances of departures from the standard 
phenol coefficient test which have caused considerable confusion. 
Germicides have been tested by this method which are not 
chemically related to phenol and whose chemical and germicidal 
activity differ so greatly from that of this standard germicide 
that they should not be compared in this way, for example, 
chlorine compounds, mercury compounds, formalin, hydrogen 
peroxide, iodine, picric acid, certain essential oils, etc., and a 
large number of organic compounds.” 

“Another departure has been the liberties which certain in- 
vestigators have taken with the test itself, changing it to suit the 
compounds tested. Many germicides which are soluble in alco- 
hol but not in water, or only slightly so, have been tested by this 
method in dilutions of alcohol instead of water, although water 
is specified as the dilutmg agent in aU the standard phenol coeffi- 
cient tests. Certain other germicides which are soluble in alkali 
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but not in water, or only slightly so, have been tested in dilutions 
made in alkali solutions instead of water, and the figures obtained 
have been designated as phenol coefficients. As a result, so- 
called phenol coefficients have been reported in the chemical 
literature which do not represent a true comparison of the germi- 
cidal actmty of such compounds with phenol, which is water- 
soluble. The test itself is often blamed w'hen discordant results 
are reported, whereas the unwarranted modifications made by 
certain investigators are entirely responsible.” 

It is generally agreed that a phenol coefficient is of no value in 
determining the efficiency of a germicide intended for clinical 
application. A phenol coefficient attempts to compare the 
toxicity of a germicide on a given organism with that of phenol 
but gives no information as to its effect on living tissue. It can 
be seen that a germicide with a high phenol coefficient and a pro- 
portionately high toxicity to tissue w'ould have no advantage over 
one with a low phenol coefficient and a proportionately low 
toxicity towards living tissue. 

In 1935 a new method was proposed (Salle and Lazarus, 1935 a) 
for the evaluation of germicidal substances intended for clinical 
use. The germicides were tested for their effect on the growth of 
living embryonic chick heart tissue as well as for their ability to 
kill bacteria. A number known as the toxicity index was deter- 
mined which was defined as the ratio of the highest dilution of 
germicide required to prevent the growth of the tissue in forty- 
eight hours to the highest dilution required to kill the test 
organism in ten minutes. The smaller the toxicity index, the 
more nearly perfect the chemotherapeutic agent. Theoretically, 
an index less than one means that the germicide is more toxic to 
bacteria than to the embryonic tissue w'hile an index greater 
than one means that the germicide is more toxic to the embrj-onic 
tissue than to the bacteria. 

The compounds which were rated by the method included 
Merthiolate (Salle and Lazarus, 1935 a), Metaphen (1935 j)), 
Mercurochrome (1935 c), Hexylresorcinol (1935 d), iodine 
(1935 e), iodine trichloride (1935 f), potassium mercuric iodide 
(1935 g), and mercuric chloride (1935 h). The toxicity indices 
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were later grouped together in one communication (Salle, McOmie 
and Shechmeister, 1937). 

Recently (Salle, McOmie, Shechmeister and Foord, 1938) the 
method was improved by (a) performiug all tests at 37°C. (tem- 
perature of the human body) instead of at 25°C., (b) keeping the 
period of action of germicide on tissue and bacteria the same, 
viz., 10 minutes, (c) performing all tests in the presence of a 
definite amount of organic matter. Most of the above named 
compounds were retested by the improved method and others 
added (Foord, McOmie and Salle, 1938; Shechmeister and Salle, 
1938). 

The method is briefly as follows: 

EFFECT OP GEHMIGIDE ON TISSUE 

Chick hearts are removed from 10-12 day old embryos and 
minced into fragments about 0.5 mm. in diameter. The frag- 
ments are suspended in Tyrode’s solution, about 100 pieces per 
cubic centimeter. One-half ml. of suspension is pipetted into 
each of a series of tubes containing 2,6 ml. of a mixture of three 
parts embryonic extract' and one part defibrinated horse serum. 
The tubes are placed in a 37°C. waterbath. 

A series of aqueous dilutions of the germicide is prepared and 
heated to 37°C. Two milliliters of each dilution are transferred 
to the tubes containing the tissue-serum-extract mixture." Final 
volume, 5 ml. 

After ten minutes, the tubes are removed from the bath and 
the germicidal dilutions aspirated from the sedimented fragments. 
The fragments are resuspended in Tyrode’s solution and the 
supernatant fluid again aspirated. Finally 1 ml. of T 3 uode’s 

' The extract is prepared by mincing 12 day old embryos, diluting to five 
times its volume with Tyrode’s solution and centrifugating. The clear super- 
natant liquid is the extract. 

* The germicide must be added to the mixture last since this is the order of 
action in clinical practice. Most germicides are considerably inactivated in the 
presence of organic matter. If the germicide is added to the fragments first, 
and then the organic material, no inactivation of the germicide will occur with 
the result that a smaller concentration of the chemical will produce the same 
effect. 
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solution is added to each tube and the fragments embedded in 
plasma in Carrel flasks. The killing dilution is determined by 
the absence of proliferating cells after seventy-two hours or longer. 

A series of aqueous dilutions of germicide in tubes is also 
brought to 37°C. Two milliliters of each dilution of germicide 
are transferred to the tubes containing the bacteria-serum- 
extract mixture. Final volume, 5 ml. 

After ten minutes, the tubes are removed from the bath and a 
4 mm. loopful transferred from each tube to broth. To eliminate 
any bacteriostatic effect, subcultures are made to either 100 ml. 
amotmts of broth or to a 15 ml. tube of broth followed by transfer 
of 4 loopfuls from this tube to a second one. The killing dilution 
is determined by the absence of growth in broth subcultures after 
seventy-two hours or longer. 

The phenomenon of bacteriostasis has been the cause of a 
considerable number of discrepancies in the evaluation of germi- 
cides. Iodine, Azochloramid, Hexylresorcinol, phenol and the 
phenolic compounds were found to be free from any appreciable 
bacteriostatic action whUe the mercury and the silver compounds 
exhibited a considerable effect (Salle, McOmie, Sbechmeistcr 
and Foord, 1938), 

All germicides were tested in aqueous solutions. This elimi- 
nated any germicidal effect of alcohol or other toxic solvent. 

The killing concentrations of various germicidal preparations 
for bacteria and tissue and their toxicity indices are given in 
table 1. 

The Staphylococcus aureus and Eberthella iyphosa phenol coeffi- 
cients have also been included in the table. It may be seen that 
there is no relationship between the phenol coefficients and their 
corresponding toxicity indices. 

The order in which the germicides fall differs vath the two 
organisms but agrees very closely with the ratings assigned to 
them in the original method (Salle, McOmie and Shechmeister, 
1937). 

The results show that the halogens iodine and Azochloramifi 
exhibit the highest degree of germicidal efficiency of the com- 
poimds tested by the above technique. They combine low tissue 



TABLE 1 

Killing concentrations for tissue and bacteria and corresponding toxicity indices and phenol coefficients in 10 minutes at 37°C 
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Halogens: 

Iodine 

Azochloramid 

Phenols : 

Hexylresoroinol 

P-hydroxyphenyl-n-amyl sulfide 

0-n-hexylphenol 

P-hydroxydiphcnyl sulfide 

Phenol 

Mercurials: 

Metaphen 

Mcrcurochromo 

Merthiolate 

Silver compounds: 

Silver lactate 

Silver citrate 

Silver nitrate 

Silver protein strong, U.S.P 

Silver protein mild, U.S.P 


Failed to kill. A more concentrated solution could not be prepared. 
All results arc the average of four determinations. 
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toxicity with high bactericidal potency against Staphylococcus 
aureus (gram +) and Eberthella typhosa (gram -). They arc 
followed by Hexylresorcinol and the phenolic compounds. Both 
groups are not onlj'’ very eflScient germicides but also compara- 
tively free from any bacteriostatic effect. 

The silver compounds, with the exception of silver protein 
mild, U.S.P., scored very favorably being more efficient’against 
E. typhosa (gram — ) than S. aureus (gram +). Their solutions 
quickly deteriorate, however, which means that they must be 
freshly prepared. This is a decided disadvantage. 

Of the newer organic preparations Azochloramid, Hcxylre- 
sorcinol and Metaphen scored the highest. The first two do not 
exhibit any appreciable bacteriostatic action while hletaphcn 
showed a pronounced effect. Mercurochrome and Merthiolatc 
cannot be relied upon to destroy S. aureus by the above technique 
although they rated considerably better against E. typhosa. 

This method aims to measure the relative efficiency of germi- 
cides which are to be used to kill bacteria in the presence of living 
tissue. ^Tiile it is not claimed that actual conditions are dupli- 
cated, it is beUeved that the procedure approaches nearer an 
“ideal” in vitro method than any which has been reported. The 


organic matter is a mixture of serum and embryonic extract, a 
medium somewhat analogous to the tissue-fluid found in mo. 
The correct proportion of organic matter cannot be known since 


it varies greatly with different infections and conditions. The 
ten-minute period of exposure is probably the maximal time for 
effective germicidal action on a cut surface or mucous membrane. 

This does not mean that a germicide with a low toxicity-index 
will be harmless to li\’ing tissue cells at any concentration. Due 
consideration should be given to the killing dilutions of the 
germicides, in the presence of organic matter, on both ti.=suc and 
bacteria. The germicides, when actually used, should be diluted 
to the proper strengths. It may be seen from the results th.nt a 
1:100 dilution of iodine would be more toxic to tissue than a 
1:100 dilution of mercurochrome. However, if a 1:1,000 solu- 
tion is used, the iodine would be harmless to tissue but .still 
baetericidal, whereas mercurochrome, though not harmful to 


tissue, would exert no bactericidal effect. 
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SUMMARY 

1. An improved method is proposed for the evaluation of the 
efficiency of germicides intended for clinical administration. 

2. The compounds are tested for their toxicity to living em- 
bryonic tissue as well as for their ability to kill bacteria. 

3. A number known as the toxicity index is determined which 
is defined as the ratio of the highest dilution of disinfectant 
showing no growth of embryonic tissue in ten minutes to the 
highest dilution required to kill the test organism in the same 
period of time. 

4. The halogen and phenolic compounds (iodine, Azochloramid, 
Hexyhesorcinol, etc.), appear to be superior to any of those tested 
by the above technique. They are also comparatively free from 
any bacteriostatic action. 

Of the newer organic compounds Azochloramid, Hexylresorci- 
nol and Metaphen rate the highest. Metaphen shows a very 
pronounced bacteriostatic effect. 

Merthiolate and Mercurochrome cannot be relied upon to kill 
Staphylococcus aureus (gram -{-) by the above procedure although 
they rated considerably better against Eberthella typhosa 
(gram -). 
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A NEW BACTERIAL SPECIES ISOLATED FRO^I THE 
CHUCKAWALLA (SAUROMALUS VARIES) ^ 
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Twenty-five chuckawallas {Saurotnahis varius), originating on 
the San Estaban Island, in the Gulf of California, were received 
by the San Diego Zoological Society on April 7, 1937. Tumor- 
like growths in the inferior cervical region were noted in the 
majority of these specimens. iMany of these tumor-like growths 
were comparable in size to the head of the reptile (fig. 1). 

The growth in sihi resembled an interstitial tumor being sur- 
rounded by a strong fibrous capsule connected to the surrounding 
tissue only liy a fibro-vascular neck. A study of the ablated 
tumor reveals a fibrous wall lined by a layer of tissue consisting 
of masses of flattened or somewhat rounded epithelial cells sep- 
arated by bands of fibrous stroma. The capsule is definitely 
vascular and heavilj'’ infiltrated by mononuclear cells. 

Within this vascular capsule are concentric layers of a homo- 
geneous amyloidal substance, in which are embedded desqua- 
mated cells resembling those in the viable tissue of the capsule. 
The center of this mass consists of a small caseous accumulation 
of cell detritus and bacteria. 

The most conspicuous tumor-like masses are to be found in the 
inferior cervical region, although one large tumor was found in 
the leg (fig. 2). All of the chuckawallas we have studied, living 
or dead, have shown numerous small tumors, measuring from 
1 mm. to 2 cm. in the buccal cavity. The majority of these 
small tumors are found on the floor of the mouth and at the base 

' Assistance in the preparation of these materials ^Yas furnished by the ])cr- 
sonnel of Works Progress Administration Official Project No. S2SG-D. 
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of the tongue and resemble pearl epitheliomas. The pi(ico>. of 
development of the mass is slow. 

Bacteriological studies of the tumors revealed a definite oi- 
ganism in pure culture. This organism has I)ecn ivolated in pnie 
culture from tumors in all chuckawallas of this &j)ceics studied. 
Soon after we began our studies on this organisnp T. Dnr.in- 
Reynals and H. J. Clausen (1937), reported “A contagion'' tninor- 
like condition in the lizard (Anolis equcslris) a*- induced by ;i nen 



Fig 1 


bacterial species. Scrrada anohum tSp. X.).” At once, a sim- 
ilarity Ijetwecn the condition'' and the oigani-m wa^ :ii)i»iien( 
Dr. Duran-Reynal'' kindly .-cnt U" a cultuie for (•omi)aii'nn \ 
comparative ^tudy -honed the organi-in- to Ijc, llioiigh -nmlir 
in many le-pcct'-, dilTeient -peeie''. 

Morpliologiail appearance. The typical foini of mn oicirn-m 
is a -mall rod. 1 \ to S-wirron- in length and t).2 tf) I) 9 nm tmi- m 
breadth: axi- -tiaight: -ide- parallel: end- lomiffirl. ari..ncMi m 
cluster.- or pali-adc-. Tiieie i- a di-linct pleoniorplii-ni in -M- r 



NEW BACTERIAL SPECIES FROM CHUCKA WALLA 


649 


cultures, a cocco-bacillary form predominating. The organism 
is motile means of three to six peritrichous flagella (fig. 3). 



! ' 

Fig. 3 

^^^rile the organism in some freshly isolated cultures seems to be 
surrounded by a capsular material, this has not been definitely 
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demonstrated. The organism is gram-negative, non-acid-fast; 
while in older cultures a bipolar staining with methjdene blue is 
evident. 

Surface colonies on agar plate. After 24 hours incubation al 
3 ^ C. isolated colonies are typically circular to slightlj^ irregular 
in shape varying from 1 mm. to 3 mm. in diameter; low convex; 
amorphous, smooth, glistening, entire to undulate, translucent, 
butyrous, and easily emulsified. There is a marked spreading in 
young cultures with the smooth glistening colony predominating, 
although on older cultures the colony may show a radial structure 
and rough tj'^pe of colon 3 L 

Growth on agar slope. After 24 hours at 37°C., along line of 
stroke growth is abundant, spreading, slightl 5 r raised, smooth, 
glistening, undulate, butyrous and easil}’- emulsified. Later 
changes are similar to those occurring on agar plate. A definite 
slightly pungent odor is noted. 

Growth on gelatin. Rapid grondh is best at surface. Lique- 
faction is rapid, infundibuliform on the first day and complete 
in 3 days at 37°C. A blackish flocculent sediment is formed. 

Growth in fluid mediwn. Broth 24 hours at 37°C., initial 
growth rapid with moderate uniform turbidity. There is a 
slight flocculent deposit which disintegrates incompletely on 
shaking. The faint ring growth around wall of tube breaks away 
on shaking. 

Peptone luater. 48 hours at 37°C., same as for broth except for 
a blackish flocculent sediment Avhich is difficult to break up. 

Hydrolized casein. 48 hours at 37°C., same as for broth except 
for a faint fluorescent j^ellowish-green pigment diffused through- 
out the medium. 

Groivfh on rabbit-blood agar plate. Abundant growth; bi'oad 
zone of alpha haemolysis in 24 hours; total, in 48 hours at 37°C. 

Loeffler’s serum. Growth raised; digestion rapid, complete 
in 6 da 5 '^s at 37°C. IMedium browned. 

Growth on glycerol potato. Abundant raised butjTous growtli 
showing a faint 5 ^ellowish-gi-een pigmentation diffuse throughout 
the medium in 2 or 3 da 3 ^s at 37°C. or room temperature. 
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Metabolic properties and resistance. Aerobic growth only on 
surface to 1 mm. below surface on glucose agar shake. No 
growth on deoxygenated semi-solid media. Grows well at 20°C. ; 
grondh abundant at 37°C. No growth at 10°C. although cultures 
remain viable for many months at this temperature. Heating 
at 56°C. for 20 minutes kills the organisms. 

Pigment. The organism produces on certain media a faint but 
definite yellowish-green fluorescent pigment which gives diffuse 
coloration to the medium. The production of this pigment was 
best shown on glycerol potato and hydrolized casein (tryptone 
and glycerol) to which had been added small amounts of MgS 04 
and KaCPOOi. The pigment is water-soluble but is insoluble 
in alcohol, chloroform, ether, and acetone. There are definite 
cultural variations in pigment production. Freshly isolated 
cultures usually produce pigment, while in subcultures the 
property is subject to discontinuous variation. The ability to 
produce pigment once lost is not recovered {in vitro). A definite 
yellowish-brown to blackish sediment is always produced in 
peptone water and gelatin by cultures which produce pigment 
on other media. 

Biochemical reactions. Fermentation of sugars. Acid is pro- 
duced in glucose, sucrose, mannitol, glycerol, salicin, and mal- 
tose. Lactose, xylose, arabinose, galactose and levulose are 
usually attacked slightly. Dulcitol, dextrin, inulin, starch, 
rhamnose, and raffinose are seldom if ever attacked. Small 
amounts of gas may be produced in glucose, sucrose, mannitol, 
salicin, maltose, galactose, and levulose. 

Milk. Coagulated and peptonized. An initial soft curd is 
formed at pH 5.0. As peptonization proceeds the medium 
reaches pH 7.2 in 10 days. Purple milk is decolorized but later 
a clear whey shows an alkaline reaction while the curdled portion 
remains decolorized. 

Indol is not produced. 

Methyl-red test positive. 

Voges-Proskauer test negative. 

Nitrate reduction. Tested in liquid and solid media, nitrates 
are reduced. 



652 


L. F. CONTI AND J. H. CROWLEY 


Ammonia is actively produced. 

Hydrogen sulphide. In semi-solid PbAc media a faint dis- 
coloration is produced. 

Catalase is produced. 

Diastase is not produced. 

Pathogenwity. The organism was pathogenic to ceilain cold- 
blooded animals but non-pa thogenic to guinea pigs in moderate 
doses. A soluble toxin was produced. 

COMMENT 

From the above data there is no doubt that we are dealing with 
a disease of chronic tj^pe in Sauro7nalus varius. The disease is 
produced or stimulated by a bacterium. This is shown bj" the 
consistency with which this bacterium was isolated from lesions 
of evei'y chuckawalla studied during several consecutive months 
and also by the production of experimental disease in reptiles 
b}’’ inoculation with the same bacterium. Lesions similar to 
tj^pical j^oung tumors were produced, from which the causative 
organism was again isolated. We had no opportunity to e.\- 
perimentalty inoculate reptiles of the same species (S. varhts) 
as examination of all available specimens in the Zoo displa3Td 
these tumor-like processes aheady in some stage of development. 
There is no evidence on hand to show that the disease is fatal to 
the species in nature. 

As far as the classification of the organism is concei-ned, no 
final conclusion has been reached. In many respects the or- 
ganism is verj’- like Serratia anolium especial!}" in bio-chemical 
activities; however, morphological differences and the production 
of a faint but definite greenish-yellow fluorescent pigment which 
appears to be spectroscopically identical with the fluorescent 
pigment produced by Pseudomonas aeruginosa and Psexidomonas 
jiuorescens, would allow one to place the organism in the genus 
Pseudojnonas. However, as w-e have recently received informa- 
tion that the next edition of Bergey’s iManual will limit the 
Pseudomonas group to lophotrichic organisms we are temporarily 
placing our organism in the genus Bacterium and describing it as 
Bacterium sauromali. 
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SUMMARY 

A new bacterium has lieen studied which is associated with a 
chronic disease in Sanromahis variiis, characterized by tumor- 
like lesions of a rather slow evolution. The organism is a chro- 
mogenic, gram-negative, non-spore-forming, motile rod which 
has been temporarily classified as Bacterium sauromali. 
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PROCEEDINGS OF LOCAL BRANCHES OF THE 
SOCIETY OF AMERICAN BACTERIOLOGISTS 

WINTER MEETING OF THE EASTERN MISSOURI BRANCH 

School of Medicine, Washington University, St. Louis, Mo., 
February 7, 1939. 


Epidemic of Nursery Diarrhea. 

J. P. Costello, St. Louis County 

Hospital, St. John’s Hospital; H. E. 

Lind, St. Louis County Health 

Dept., St. Louis County Hospital. 

This report includes a series of 26 in- 
fantile diarrhea cases with 11 deaths 
occurring at the St. Louis County Hos- 
pital during the Winter — Spring season 
of 1938. 

From a bacteriological investigation 
we feel that in this epidemic we were 
dealing with a pathogenic strain of 
Proteus vulgaris associated with Esch- 
erichia coli. We feel too that a con- 
tributing factor is the absence, or an 
extremely low content, of free hydro- 
chloric acid which probably favors the 
growth and production of such bacteria 
capable of producing a toxic condition 
as found in these infants. We realize 
of course, the possibility that this or- 
ganism P. vulgaris and its possible 
toxins may not have been the primary 
cause of these diarrheas but may have 
been secondary. 

We feel that our epidemic was similar 
in many respects to those reported in 
various hospitals throughout the tem- 
perate zone. We feel, too, that the 
severe toxemia was a result of the ab- 
sorption of toxins from bacterial de- 
velopment in the gastro-intestinal 
tract. 

. We fully realize that Proteus vulgaris 


is found in healthy individuals, but is 
rarely found predominantly in the in- 
testinal tract and rarely if at all in the 
stomach, except under pathological 
conditions. 

The disease was characterized by its 
constantly severe and frequently fatal 
toxemia. Its onset, cause and dura- 
tion is so similar in these cases as to 
strongly suggest that this disease be 
classified as a communicable disease. 

Reinfection in Poliomyelitis. Ed- 
win H. Lennetie, and Francis B. 
Gordon, Department of Pathology, 
Washington University School of 
Medicine, and the Department of 
Bacteriology and Parasitology, Uni- 
versity of Chicago. 

Eighteen rhesus monkeys recovered 
from infection with the MV virus strain 
were inoculated nasally with the same 
strain; only two of these responded, 
showing weakness and fever. In the 
light of the criteria laid down by Sabin 
and Olitsky, these monkeys represent, 
at best, questionable cases of re- 
infection. 

Twenty-four MV-recovered monkeys 
were inoculated nasally with the 
Philadelphia 1932 strain; 16 showed 
clinical signs of reinfection, 8 succumb- 
ing to the disease. 

Neutralization tests prior to ad- 
ministration of the heterologous virus 
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revealed that antibodies were present 
against the MV but not against the 
Philadelphia strain. After infection 
with the Philadelphia virus, antibodies 
against this strain appeared in the 
serum. Immunologic differences be- 
tween the two strains are described. 

The Agglutinin Response to Bbtj- 
CBLLEBGBN. T. E. Kircher, Jr., De- 
partment of Medicine, Washington 
University, St. Louis, Mo. 

Skin tests with Huddleson's Brucel- 
lergen were performed on a series of pa- 
tients who previously had shown no 
serum agglutinations against Brucella 
abortus strain number 456. Fifty of 
those having negative skin reactions; 
i.e. no edema, induration or erythema 
persistent at 72 hours, were retested for 
the presence of agglutinins after in- 
tervals of from one to eight weeks. 
Forty of these, or 80 per cent, had a 
definite response; i.e. showed an agglu- 
tination of B. abortus No. 456 in titers 
of 1-40 to 1-640 dilution. There was 
no similar response to skin tests by 
either rabbits or guinea pigs. 

It is suggested, therefore, that in 
cases of suspected Brucellosis, agglu- 
tination tests should be performed 
preliminary to skin testing with Bru- 
cellergen lest subsequent tests reveal 
agglutinins to a titer so high that a 
false diagnosis is encouraged. 

Chick Embbto Inoculation as a 
Diagnostic Aid in Vabiola and 


Vabicella. Floyd S. Markham and 
George S. Bozalis, Department of Bac- 
teriology, School of Medicine, Wash- 
ington University, St. Louis, Mo. 
During a small outbreak of variola in 
the winter of 1938-39, atypical cases 
were frequently observed which were 
difficult to differentiate from varicella. 
The technique of chick-embryo inocu- 
lation was employed as a diagnostic 
aid. Strains of variola virus were iso- 
lated by direct inoculation of vesicle 
content onto the chorioallantoic mem- 
brane in 5 instances associated with 
atypical sjunptoms or lesions. Variola 
virus was identified by neutralization 
test performed on the chick membrane 
with anti-variola or anti-vaccinia rab- 
bit serum. 

Vesicle fluids from 5 cases of varicella 
and 4 of herpes zoster failed to produce 
infection of the chick membrane. 

Notes on the Kahn Reaction with 
Animal Seba. Tftn. H. Gabby, City 
Hospital Laboratory, St. Louis, 
Missouri. 

Inclusion Blennobbhea. L. A. Jul- 
ianelle, School of Medicine, Wash- 
ington University, St. Louis, 
Missouri. 

Motion Pictube Film on Rabies. J . 
J. Bronfenbrenner, School of Medi- 
cine, Washington University, St. 
Louis, Missouri. 


SPRING MEETING OF THE EASTERN MISSOURI BRANCH 

School of Medicine, Washington Univebsity, St. Louis, Mo., 

Apbil 11, 1939. 

Bactebiological Diagnosis of Gon- A total of 819 bacteriological exam- 

orhhea IN THE Male. AxelGronau, inations was made on 221 male patients, 

School of Medicine, Washington Uni- of whom 160 were definitely proven o 
versity, St. Louis, Mo. have gonorrhea by bacteriological ex- 



PEOCEEDINGS OF LOCAL BKANCHES 


657 


aminations as well as by clinical symp- 
toms. Sixty-one patients were as- 
sumed to have some genito-urinary 
infection other than gonorrhea, and 
while the actual cause of the infection 
was not established, at no time were 
gonococci found by the smear or by the 
cultural method. Each bacteriological 
examination consisted of smear and 
culture, and the efficiency of the smear 
method and the cultural method as a 
means of diagnosis was compared. 

The smears were stained according 
to Hucker's modified Gram’s staining 
procedure. The culture medium con- 
sisted of a 5 per cent rabbit blood choc- 
olate agar. Cultures were incubated 
at Sfi'C. for about 40 hours under 10 
per cent COi tension. The oxydase 
technique was employed for the detec- 
tion of gonococci on the culture. 

In 88.16 per cent the findings of 
smear and culture agreed, and dis- 
agreed in 11.84 per cent, taking the 819 
examinations as 100 per cent. 

The number of total positive find- 
ings, where the presence of gonococci 
was revealed either by smear or cul- 
ture, or both methods, was 185. Tak- 
ing this number as 100 per cent effi- 
ciency in detecting gonococci, it was 
found that in 13.52 per cent the culture 
was able to detect gonococci where the 
smear definitely failed to do so. In 
addition in 7.03 per cent the culture re- 
vealed gonococci, where the smear was 
doubtful (db). In 2.70 per cent the 
smear was positive and the simultane- 
ous culture negative. 

An analysis is given of those in- 
stances, where the smear was doubtful 
(±) and the simultaneous culture nega- 
tive. It was felt that here the deciding 
factor should be the culture, in the 
sense, that if no gonococci were found 
on the culture, the suspected organisms 
in the smear should be assumed not to 
be gonococci. 


©BSEBVATIONS ON ChaPMAN’s SYSTEM 
for Determination of Staphylo- 
coccus Pathogenicity. MacDonald 
Fulton, R. 0. Meuther and Sister 
Agnes Gerard Knowles, St. Louis Uni- 
versity School of Medicine and 
Firmin Desloge Hospital, St. Louis, 
Mo. 

68 of 102 freshly isolated strains of 
Staphylococci were “probably patho- 
genic” according to Chapman’s 
PHCVBM system of tests. In addi- 
tion, 16 strains were coagulase positive 
but negative in one or more of the tests 
on crystal violet, brom-thymol-blue or 
mannitol agars. 18 strains which were 
coagulase-negative were negative in 
most other tests. 

Results on crystal violet and brom- 
thymol-blue media were not always re- 
producible. Among the important fac- 
tors were the age and amount of the 
inoculum. Reading of brom-thymol- 
blue agar tests was complicated by 
strains giving a greenish growth, in- 
stead of the usual orange. The he- 
molysis test would be improved by some 
agreement as to what constitutes true 
hemolysis, as distinct from pseudo 
hemolysis. 

Statistically, there is a significant 
association between ability to liquefy 
gelatin and ability to coagulate plasma. 
The gelatin stab culture method is slow 
and unreliable. A gelatin agar plate 
tested with ammonium sulfate proved 
satisfactory. 

Statistical examination of some of 
the available data (Chi square, r by 
Sheppard’s method) indicates a high 
degree of significance for Chapman s 
system of assessing pathogenicity when 
compared to clinical and in vivo 
findings. 

ISOTES ON THE COAGULASE REACTION 
OF Staphylococci. Francis W. Di- 
Rocco and MacDonald Fulton, De- 
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partment of Bacteriology, St. Louis 
University School of Medicine, St. 
Louis, Mo. 

A study was made of the effect of 
various factors on the coagulase reac- 
tion. Cultures and plasma (rabbit) 
could be aged several weeks without 
altering the result of the test. Eight 
washings of suspensions from agar 
slants failed to remove or appreciably 
decrease the coagulase activity of the 
cells. Coagulating activity was ob- 
served in the washings, suggesting that 
coagulase, although closely associated 
with the cells, is an extracellular prod- 
uct. Coagulation was more rapid in 
cultures grown in broth decalcified with 
oxalate than in controls. Positive re- 
actions were^obtained more rapidly 
when tests were conducted in shallow 
layers. At room temperature twice as 
much time was required to form clots 
as at 37°C. Room-temperature tests 
were difficult to read, the clots being 
threadlike in appearance. Production 
of coagulase was considerably de- 
creased when organisms were grown in 
an atmosphere of about 25 per cent 
CO 2 . 

Antiseptic Value of Certain Phe- 
nolic Ointments. W. C. Clark, 
James F. Ballard, Inc., St. Louis, 
Mo. 

The author prepared a series of 2% 
Phenol Ointments in several fatty 
bases, he also added certain agents he 
thought might act as partition agents 
to carry the phenol away from the fat. 
Petrolatum; Petrolatum with added 
fat-like bodies such as; Castor Oil, 
Cocoanut Oil, Hydrogenated Castor 
Oil, “Crisco,” Soap, Sodium Lauryl- 
sulfonate, Glycerin, Water, Woolfat, 
Proteginx, Glyceryl Monostearate and 
Propylene Monostearate were each 
made into Phenol-petrolatum Oint- 
ments. When these Ointments were 
tested on 10% serum agar plates using 


F.D.A. method with Staphylococcus 
aureus A 209 as test organism, not one 
produced a zone of inhibition! 

Phenol, Thymol, Chlorthymol, Para- 
chlor-metaxylenol, Para-amylphonol, 
Para-phenyl-phenol, and Santophen 
"7”, each were made into Ointments 
from each of the following fatty bases; 
Petrolatum, Crisco, Spry, Hydrous and 
Anhydrous Woolfat, and Vanishing 
Cream. The phenolic strength was 2% 
except in the case of Phenol which was 
boosted to 5%. 

Tests indicated that Petrolatum was 
probably the best fatty base for this 
group, because the best zones obtained 
were in the Petrolatum Ointments of 
(1) Parachlor-metaxylenol, (2) San- 
tophen “7”, and (3) Para-amylphcnol. 
Vanishing Cream at first appeared to 
be an ideal base, but prolonged ex- 
posure to warmth caused a gradual re- 
cession of the zone until the size was 
less than that of the Petrolatum 
Ointment. 

It was observed that the addition of 
any one of the following agents usually 
increased width of the zone: Alcohol 
2%, Sodium Lauryl-sulfonatc 2%, 
Glycerin 2)%, Water 2)%, Soap 2%, 
Glycerol 2j%, Water 2}%. 

Of all the Ointments tested only 
those made from Paracblor-metaxyl- 
enol, Santophen “7” and Para-amyl- 
phenol bad decided zones when tested 
on 10% serum agar plates using F.D.A. 
technique and S. aureus for test or- 
ganism. 

The author believes the Phenolic sub- 
stances like perfumes, are held by the 
fatty molecule by a sort of absorption 
which prevents the diffusion from tak- 
ing place by the ratio of solubilities as 
it normally should. 

The Effect of 5% Sodium Chlroidf. 
on Various Organisms; the Effect 
OF Bacteriophage on Kreucers 
Staphtlococcus at this Salt Con- 
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CENTUATION. M. Burnett and 
Helen N. Moore, School of Medicine, 
Washington University, St. Louis, 
Mo. 

The CnoRio-AiiiiANToic Membrane of 
THE Developing Chick as a Mediom 
FOR THE Cultivation and Histo- 
pathologic Study of Pathogenic 
Fungi, ilform Moore, Barnard Free 
Skin and Cancer Hospital, St. Louis, 
Mo. 

The Effect of S-Per-Cent Sodium 
Chloride on Various Organisms. 
Helen Norris Moore, Fouke Fur Co., 
St. Louis, Mo. 

During a course of studies of obligate 
Haloplulic organisms, it was noticed 
that the growths were always smooth 
and sometimes quite stringy. Since a 
smooth variant was always encoun- 
tered in growths of these organisms in 
high salt media, it was decided to 
endeavor to cultivate ordinary bacteria 
under the same conditions and observe 
the effect of high osmotic pressures. 

A medium containing not less than 
5% Sodium Chloride, 5% Gelatin, eggs, 
soluble starch, beef extract and agar 
was finally established as the one hav- 
ing the highest content of salt and 
still able to support good visible 
growth. The first transplant to the 
salt medium from ordinary medium 
will grow in 48 hours and after that 
24 is suEScient. The cultures used, 
together with the number of trans- 
plants on the salt medium were as 
follows: 

No. of 
Transplanii 

3 Hough Eberthella typhosa 
(Shwartzman*) 43 


* These cultures were supplied by 
Dr. G. Shwartzman. Their char- 
acteristics are described in J. Exp. 
Med. 1930, 62, 781-803. 


No. of 
TraniplanU 

All stock cultures of E. ty- 
phosa on hand at Washing- 


ton University 12 

All stock cultures Escherichia 
coll on hand at Washington 

University 12 

Smooth E. coli (fresh isola- 
tions) 101 

Proteus X-19 76 

Shigella dysenteriae (Shiga) ... 25 

Staphylococcus aureus 209 49 

The following observations were 
made; 


1. The medium must contain eggs 
and not less than 5% gelatin in order 
to obtain good visible growth. 

2. The colony appearance of all these 
organisms on the salt medium is of the 
normal smooth type. The Shwartz- 
man strains appeared smooth as long 
as they were cultivated upon the salt 
medium but reverted at once to their 
typical morphology as soon as they 
were transplanted to media of ordinary 
salt concentrations. 

3. The gram-negative bacteria show 
variations in shape and staining when 
grown on this salt medium. Elon- 
gated, branched and curved cells are 
common, while in the gram stain the 
gentian violet is difficult to remove. 
The cells, however, resume their nor- 
mal shape and stain when cultivated 
on ordinary medium. 

The Effect of Bacteriophage on 
Staphylococcus K in a 5-per-cent 
Salt Medium. Jack Mehl Burnett; 
Department of Bacteriology, Wash- 
ington University School of Medi- 
cine. 

Having learned (personal communi- 
cation) that Moore was able to 
maintain a variety of organisms on a 
special medium containing 5 per cent 
salt without ever observing the ap- 
pearance of rough variants, we were 
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interested to see what effect the pres- 
ence of salt might have on the 
susceptibility of these cultures to 
bacteriophage. 

It was found that Staphylococcus K 
would grow slowly in a liquid medium 
consisting of 5 per cent salt, 5 per cent 
gelatin, eggs, soluble starch, and meat 
e.vtract, and would remain susceptible 
to its homologous phage for at least 8 
hours. Despite the fact that this 
organism rapidly becomes rough on 
this medium after 8 hours, it should 
not be considered as contradictory to 
the observations of Moore for the 
organism very frequently becomes 
rough on ordinary meat-extract media. 

This medium by itself has no dele- 
terious effect on phage, so that the 
titre of phage which has been incor- 
porated in this medium is not altered 
in any manner. 

If this medium is inoculated with 
approximately 1 X 10^ organisms per 
ml. along with about 5 X 10* units of 
homologous phage per ml., and incu- 


bated at 37°C., there is observed a 
marked growth stimulation in com- 
parison with that obtained in the same 
medium without the presence of phage. 
This stimulation was first evident at 
the end of the first hour, reached its 
maximum in about 2J hours, and dis- 
appeared with the beginning of lysia 
after some 4^ hours. The maximum 
stimulation observed was about 100 
per cent over the phage-free control. 
There apparently is no active phage 
production during the first two hours 
and then the phage titre increases 
about tenfold by the sixth hour. All 
bacterial counts were made on 2 per 
cent nutrient agar plates of normal salt 
concentration, and phage titrations 
were carried out by the dilution 
method, using five tubes of each 
dilution. 

This stimulatory effect was not seen 
when 5-per-cent gelatin was added to 
nutrient broth of normal salt concen- 
tration and the same experiment was 
carried out. 
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